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Targets for Tumor Growth Inhibition 

This application claims priority to provisional applications 60/458,948 filed April 1, 
2003, and 60/489,504, filed July 24, 2003, the specifications of which are hereby 
incorporated by reference in their entireties. 

FIELD OF THE INVENTION 

The present invention relates to methods for treating diseases by manipulating activity 
or expression of validated cancer drug targets, where the targets have been validated by 
methods manipulating target gene expression in animal disease models. More specifically, 
the invention relates to up-regulation, silencing, inhibition and/or down-regulation of targets 
such as ICT1024, ICT1025, ICT1030, ICTB1031 and ICBT1003 that are validated using 
siRNA. The invention pertains to methods mat are useful in treating cancers and/or 
inhibiting tumor growth by enhancing expression of a gene that is validated as target 
ICT1030 for protein, peptide and gene therapy drug modalities, or by RNA interference to 
silence and/or down-regulate genes that are validated as targets ICT1024, ICT1025, ICT1031 
and ICT1003, for antibody, small molecule and other inhibitor drug modalities. 

BACKGROUND OF THE INVENTION 

Cancer or pre-cancerous growth generally refers to malignant tumors, rather than 
benign tumors. Benign tumor cells are similar to normal, surrounding cells. Treatment 
becomes necessary only when the tumors grow large enough to interfere with other organs. 
Malignant tumors, by contrast, grow faster than benign tumors, and they penetrate and 
destroy local tissues. Some malignant tumors may spread throughout the body via blood or 
the lymphatic system. The unpredictable and uncontrolled growth makes malignant cancers 
dangerous, and fatal in many cases. These tumors are not morphologically typical of the 
original tissue and are not encapsulated. Malignant tumors commonly recur after surgical 
removal. 

Many human diseases are a result of proliferative cellular pathologies. Cancer or pre- 
cancerous growth is frequently a consequence of proliferative cellular pathologies and 
generally refers to malignant tumors, rather than benign tumors. Benign tumor cells are 
similar to normal, surrounding cells. Treatment becomes necessary only when the tumors 
grow large enough to interfere with other organs. Malignant tumors, by contrast, grow faster 
lhan benign tumors, and they penetrate and destroy local tissues. Some malignant tumors 
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may spread throughout the body via blood or the lymphatic system, and their unpredictable 
and uncontrolled growth makes malignant cancers dangerous, and fatal in many cases. Such 
tumors are not morphologically typical of the original tissue and are not encapsulated. 
Malignant tumors commonly recur after surgical removal. Accordingly, treatment of 
proliferative diseases ordinarily targets proliferative cellular activities such as occur in 
malignant cancers or malignant tumors with a goal to intervene in the proliferative processes. 

The inhibition or prevention of malignant growth is most effective at the early stage 
of the cancer development. It is important, therefore, to identify and validate molecular 
targets that play a role in proliferative processes and their induction and, in malignant 
diseases in particular, early signs of tumor formation. A particular goal is to determine potent 
tumor growth or gene expression suppression elements or agents associated therewith. The 
development of such tumor growth and/or gene expression and therapeutic elements or agents 
involves an understanding of the genetic control mechanisms for cell division and 
differentiation, particularly in connection with tumorigenesis. Unfortunately, die number of 
established protein targets that are suitable for intervention in proliferative disease is limiting. 
Of the small number of established targets, such as growth factors like EGF and its receptor, 
few, if any, permit adequate intervention in proliferative diseases such as malignant cancer 
and psoriasis. 

Moreover, it has proven difficult to identify better targets for intervention in cellular 
proliferative pathologies. Large numbers of genes and proteins exist within the human 
genome and many of these genes and proteins, as well as post-translationally modified forms 
of the proteins, correlate with cellular proliferative pathologies. Of these many genes, 
proteins, and post-translationally modified proteins, only a few specific factors can be 
targeted to effectively intervene in cellular proliferative pathologies. Therefore, identification 
of these specific factors is needed. In addition to a need to identify specific genes, proteins, 
and post-translationally modified proteins to target to intervene in proliferative cellular 
pathologies, another problem is a need to confirm that the targeted factor indeed provides 
effective intervention within the active pathology within active pathological tissues. 
Unfortunately, proliferation of cells in cell culture conditions shows many factors can be 
targeted but most ultimately do not prove effective as intervention targets in active 
pathological tissues. Consequently, accurate identification of targets for effective 
intervention in proliferative cellular pathologies requires study of active pathological tissues 
such as in animal models of human disease. 
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Accordingly, treatment ordinarily targets malignant cancers or malignant tumors. The 
intervention of malignant growth is most effective at the early stage of the cancer 
development. It is thus exceedingly important to identify and validate a target for early signs 
of tumor formation and to determine potent tumor growth or gene expression suppression 
elements or agents associated therewith. The development of such tumor growth and/or gene 
expression and therapeutic elements or agents involves an understanding of the genetic 
control mechanisms for cell division and differentiation, particularly in connection with 
tumorigenesis. 

RNA interference (RNAi) is a post-transcriptional process where the double-stranded 
KNA (dsKNA) inhibits gene expression in a sequence specific fashion. The RNAi process 
occurs in at least two steps: in first step, the longer dsRNA is cleaved by an endogenous 
ribonuclease into shorter, less than 100-, 50-, 30-, 23-, or 21-nucleotide-long dsRNAs, termed 
"small interfering RNAs" or siRNAs. In second step, the smaller siRNAs mediate the 
degradation of the target mRNA molecule. This RNAi effect can be achieved by introducing 
either longer dsRNA or shorter siRNA to the target sequence within cells. It is also 
demonstrated that RNAi effect can be achieved by introducing plasmids that generate dsRNA 
complementary to target gene. 

The RNAi have been sucessfully used in gene function determination in Drosophila 
(Kennerdell et al. (2000) Nature Biotech 18: 896-898; Worby et al. (2001) Sci STKE Aug 14, 
2001(95):PL1; Schmid et al. (2002) Trends Neurosci 25(2):71-74; Hammond et al. (2000). 
Nature, 404: 293-298), C. elegans (Tabara et al. (1998) Science 282: 430-431; Kamath et al. 
(2000) Genome Biology 2: 2.1-2.10; Grishok et al. (2000) Science 287: 2494-2497), and 
Zebrafish (Kennerdell et al. (2000) Nature Biotech 1 8: 896-898). In those model organisms, 
it has been reported that both the chemically synthesized shorter siRNA or in vitro 
transcripted longer dsRNA can effectively inhibit target gene expression. There are 
increasing reports on successfully achieved RNAi effects in non-human mammalian and 
human cell cultures (Manche et al. (1992). Mol. Cell. Biol. 12:5238-5248; Minks et al. (1979). 
J. Biol. Chem. 254:10180-10183; Yang et al. (2001) Mol. Cell. Biol. 2 1(22): 7807-78 16; 
Paddison et al. (2002). Proc. Natl. Acad. Sci. USA 99(3): 1443-1448; Elbashir et al. (2001) 
Genes Dev 15(2): 188-200; Elbashir et al. (2001) Nature 411: 494-498; Caplen et al. (2001) 
Proc. Natl. Acad. Sci. USA 98: 9746-9747; Holen et al. (2002) Nucleic Acids Research 
30(8): 1757-1766; Elbashir et al. (2001) EMBOJ20: 6877-6888; Jarvis et al. (2001) 
TechNotes 8(5): 3-5; Brown et al. (2002) TechNotes 9(1): 3-5; Brummelkamp et al. (2002) 
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Science 296:550-553; Lee et al. (2002) Nature Biotechnol. 20:500-505; Miyagishi et al. 
(2002) Nature Biotechnol. 20:497-500; Paddison et al. (2002) Genes &Dev. 16:948-958; 
Paul et al. (2002) Nature Biotechnol. 20:505-508; Sui et al. (2002) Proc. Natl. Acad. Sci. 
USA 99(6):5515-5520; Yu et al. (2002) Proc. Natl. Acad. Sci. USA 99(9):6047-6052). 

EGFR-RP (Validated Target Tf!Tini4) Homo sapiens Epithelial growth factor 
receptor-related protein, EGFR-RP or EGFR-RS is published GenBank accession nos. are 
AK026010, NM 022450, BC014425, AK056708 and M99624. 

All eukaryotic cells contain elaborate systems of internal membranes which set up 
various membrane-enclosed compartments within the cell. The plasma membrane serves as 
the interface between the machinery in the interior of the cell and the extracellular fluid (ECF) 
that bathes all cells. Cell membranes are built from lipids and proteins. The lipids in the 
plasma membrane are chiefly phospholipids like phosphatidyl ethanolamine and cholesterol. 
Phospholipids are amphiphilic with the hydrocarbon tail of the molecule being hydrophobic; 
its polar head hydrophilic. As the plasma membrane faces watery solutions on both sides, its 
phospholipids accommodate this by forming a phospholipid bilayer with the hydrophobic 
tails facing each other. Many of the proteins associated with the plasma membrane are tightly 
bound to it. Some are attached to lipids in the bilayer, and others are transmembrane proteins 
- the polypeptide chain actually traverses the lipid bilayer. 

All membrane proteins have a specific upside-down or right-side-up orientation in the 
bilayer. Some proteins are anchored to the membrane by ionic interactions between residues 
with positively charged side chains and negatively charged lipid head groups since biological 
membranes tend to have a net negative charge. Other proteins are anchored by post-synthetic 
attachment of a hydrocarbon chain such as myristoyl, palmitoyl, famesyl or gerenyl-gerenyl, 
or a lipid such as glycosylphosphatidybnositol (GPI) which confines them in regions close to 
their protein partners. Other proteins are anchored to the surface by ionic contacts. The term 
monotopic or peripheral membrane protein refers to proteins that have a fairly shallow 
penetration of the membrane surface. Many peripheral proteins can be released from the 
membrane by increasing the ionic strength of the solution. A second category of membrane 
proteins is integral or transmembrane bitopic or multitopic proteins. These proteins can only 
be released from the membrane by bilayer disruption with detergents. 

Many transmembrane proteins that are structurally related are also functionally related. 
For example, the EGF (epidermal growth factor receptor) and the insulin receptor fall into a 
family of growth factor receptors which have very large disulfide-rich extracellular and a 
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tyrosine kinase intracellular domains connected by a single-transmembrane helix. Most 
members of this family are monomers and binding of ligand induces dimerization and 
activation of the intracellular tyrosine kinase domain. The insulin receptor is a dimer in its 
non-ligand bound state and it is possible that in this case the binding of insulin changes the 
intersubunit orientation of the monomers, allowing for activation. 

Another important family of transmembrane proteins is the seven transmembrane 
family of G proteins (guanine nucleotide binding proteins) coupled receptors. These receptors 
are the most abundant class of receptors in mammalian cells and mediate an exlremely 
diverse range of signals into the cell, from light (rhodopsin) to neurotransmitters (muscarinic 
or adrenergic receptors) to sex-related signals (oxytocin). Although their ligand activators are 
diverse, these receptors all couple to G proteins to transduce their signal. Structurally, they 
are similar in having seven transmembrane loops in a defined topology. In contrast to the 
growth factor receptor family, these proteins have relatively small extramembrane loops. 

Integral membrane proteins that transport species such as nutrients and ions must be 
able to shield their ligands from the surrounding hydrocarbon interior. Thus, these proteins 
are much larger than the signal transduction proteins mentioned above, and often contain 
several subunits. An example of this class is the 12 membrane spanning family belonging to 
transporters, such as GLUT1 and antibiotics. A newly identified family of integral 
membrane proteins, Rhomboid family, is exemplified by the rhomboid (RHO) protein from 
Drosophila melanogaster, a developmental regulator involved in epidermal growth factor 
(EGF)-dependent signaling pathways (1, 2, 3). Not only were homologs of rhomboid detected 
in prokaryotes and eukaryotes, but the pattern of sequence conservation in this family 
appeared uncharacteristic of nonenzymatic membrane proteins, such as transporters (4,5). 
Specifically, several polar amino-acid residues are conserved in nearly all members of the 
rhomboid family, suggesting the possibility of an enzymatic activity. As three of these 
conserved residues were histidines, it appears that rhomboid-family proteins may function as 
metal-dependent membrane proteases (5, 6). Recently, however, it has been shown that RHO 
cleaves a transmembrane helix (TMH) in the membrane-bound precursor of the TGFolike 
growth factor Spitz, enabling the released Spitz to activate the EGF receptor, and that a 
conserved serine and a conserved histidine in RHO are essential for this cleavage (7, 8). Thus 
itappearstoatrhomboid-familyproteinsareadistmctgroupofmtramem 
proteases. Altogether, the genome of Drosophila encodes seven RHO paralogs (now 
designated RHOl-7, with the original rhomboid becoming RHO-1), at least three of which 
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are involved in distinct EGF-dependent pathways, apparently through proteolytic activation 
of diverse ligands of the EGF receptor. 

One human gene sharing homology with multiple cDNA sequences (Accession No. 
AK026010, NM_022450, Z69719, AK056708, BC014425, M99624) has been annotated as 
an ortholog of mouse epidermal growth factor receptor related sequence (EGFR-RS), 
hypothetical protein similar to epidermal growth factor receptor-related protein, human 
epidermal growth factor receptor-related gene, and lately human rhomboid family 1 . The 
cDNA sequences AK026010, BC014425 and NM 022450 encode the same 855 amino acid 
protein (Accession No. BAB1531 8, AAH14425 and AAA02490). However, the biological 
activity of this protein presently is unknown. 

TRA1 (Validated Target ICT102S) Homo sapiens Tumor rejection antigen, TRA1 
or heat shock protein gp96 or grp94 is published with GenBank accession nos. NM_003299, 
AK025459, BC009195, AY040226, X15187 and AF087988. See also, U.S. Publication Nos'. 
2003/0215874; 2003/0054996; and 2002/0160496. 

One of the targets selected with Efficacy-First, tumor rejection antigen-1 (TRA-1), 
was found to have increased expression in tumors induced to accelerated growth. TRA-1, 
also known as glucose-regulated protein 94 (grp94), gp96, endoplasmiin precursor and other 
names, was first described as a molecular chaperone [Hartl FU. (1996) Molecular chaperones 
in cellular protein folding. Nature 381(6583):571-9] with important roles in endoplasmic 
reticulum related to nuclear signaling, protein folding, sorting and secretion [Nicchitta, C.V. 
(1998): Biochemical, cell biological and immunological issues surrounding the endoplasmic 
reticulum chaperone GRP94/gp96. Current Opinion in Immunology, 10:103-109.]. hi 
addition, it exerts a specific protection against Ca2+ depletion stress and is involved in 
antigen presentation [Tamura, Y. P. Peng, K. Liu, M. Daou, P.K. Srivastava, 1997: 
Immunotherapy of tumors with autologous tumor-derived heat shock protein preparation. 
Science, 278:1 17-120]. Furthermore, it also has an important role in tumorigencity [Udono H, 
Levey DL, Srivastava PK. (1994) Cellular requirements for tumor-specific immunity elicited 
by heat shock proteins: tumor rejection antigen gp96 primes CD8=T cells in vivo. Pro Natl 
AcadSciUSA 91: 3077-3081.]. Menoretetal. [Menoret A, MeflahK, Le Pendu J. (1994) 
Expression of the 100 kDa glucose-regulated protein (GRPlOO/endoplasmin) is associated 
with tumorigenicity in a model of rat colon adenocarcinoma, bit J Cancer 56: 400-405] 
reported that there was an overexpression of TRA-1 in a model of rat colon adenocarcinoma. 
Gazit et al. [Gadi Gazit, Jun lu, Amy S.Lee. (1999) De-regulation of GRP stress protein 
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expression in human breast cancer cell lines. Breast Cancer Research and Treatment 54: 135 
146.] found out there was a 3-5 fold increase in the level of TRA-1 protein was observed in 
five human breast cancer lines as compared to the normal human mammary lines. Cai et al 
[Cai JW. Henderson BW. Shen JW, et al (1993) Induction of glucose-regulated proteins 
5 during growth of murine tumor. J Cell Physiol 154; 229-237] found through studies during 
growth of tumors that the level of the TRA-1 is increased, correlating with the size of the 
tumor. Elevated level of TRA-1 has been implicated to protect neoplastic cells and tumors 
against cytotoxic T-lymphocyte mediated cytotoxicity and protected tissues culture cells 
against adverse physiological conditions [Sugawara S, Takeda K, Lee A, et al. (1993) 
10 Suppression of stress protein GRP78 induction in tumor B/C10ME eliminates resistance to 
cell mediated cytotoxicity. Cancer Research. 53: 6001-6005]. Public domain databases 
reveal that TRA-1 is over-expressed in many human cancer tissues including prostate, 
mammary, brain, stomach, and soft tissue tumors. Overexpression, antisense and ribozyme 
approaches in tissue culture system directly showed that TRA-1 could protect cells against 
cell death [Little E, Ramakrishnan M, Roy B, et al. (1994) The glucose-regulated proteins 
(GRP78 and GRP94): Functions, gene regulation, and applications. Crit Rev Eukaryot Gene 
Expr 4: 1-18, Garrido C, Gurbuxani S, Ravagnan L, Kroemer G. (2001). Heat shock proteins: 
endogenous modulators of apoptotic cell death. Biochem Biophys Res Commun. 286(3):433- 
42., Ramachandra K. Reddy, et al. (1999). The endoplasmic reticulum chaperone 
glycoprotein GRP94 with Ca2 + -binding and antiapoptotic properties is a novel proteolytic 
target of calpain during etoposide-induced apoptosis. J. Biol. Chem 274: 28476-28483]. 
These anti-apoptosis effects of TRA-1 are associated with induction in neoplastic cells and 
may lead to cancer progression and chemotherapy resistance. Although normally confined to 
me ER, TRA-1 has been shown to escape to KDEL-mediated retention system in several cell 
types. For instance, a significant fraction of TRA-1 is secreted to the extracellular space by 
hepatocytes and exocrine pancreatic cells, via the normal secretory pathway. In several 
tumor cell lines TRA-1 is detectable as an outer surface protein [Altmeyer A, Maki RG, 
Feldweg AM, Heike M, Protopopov VP, Masur SK, Srivastava PK (1996). Tumor-specific 
cell surface expression of the-KDEL containing, endoplasmic reticular heat shock protein 
30 gp96. Int. J. Cancer 22;69(4):340-9.]. 

TRA-1 has been shown to chaperone a broad array of peptides, including those 
derived from normal proteins as well as from foreign and altered proteins present in cancer or 
virus-infected cells. Thus, tumor-derived TRA-1 carries tumor antigenic peptides, and its 
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preparations from virus-infected cells carry viral epitopes. Although TRA-1 is normally 
intracellular, necrotic cells release TRA-1 peptide complexes, which are taken up by 
scavenging antigen-presenting cells. Presentation of the peptides on the surface of these cells 
leads to stimulation of T lymphocytes and a pro-inflammatory response. 

Complexes of TRA-1 with peptides, whether isolated from cells or reconstituted in 
vitro, have been demonstrated to serve as effective vaccines, producing anti-tumor immune 
responses in animals and in man [Tamura, Y. P. Peng, K. Liu, M. Daou, P.K. Srivastava, 
1997: Immunotherapy of tumors with autologous tumor-derived heat shock protein 
preparation. Science, 278:1 17-120.]. Oncophage is a vaccine made from individual patients' 
tumors. Patients have surgery to remove part or all of the cancerous tissue, and a portion of 
this tissue is shipped overnight to Antigenics' manufacturing facility in Massachusetts. The 
Oncophage clinical studies in several cancers including pancreatic, melanoma, kidney, 
colorectal, gastric, and non-Hodgkin's lymphoma have yielded very promising results! Their 
analysis provides a strong indication that antigen presentation by TRA-1 can induce an 
immune response in patients and clinical responses. With melanoma or colorectal cancer in 
one study, 10 out of 39 melanoma patients responded clinically to Oncophage treatment, 
including two patients whose cancer disappeared completely for more than two years. Of the 
24 melanoma patients who were evaluated for immune response, 10 demonstrated increased 
antimelanoma T-cell activity. In colorectal cancer patients, a T-cell response was observed in 
17 out of 29 patients, and seemed to be correlated with survival. The mechanism by which 
Oncophage induces immune response in melanoma and colorectal cancer was determined to 
be the same^onfrrming a wealth of preclinical and early clinical data demonstrating that 
this mechanism is virtually identical in all cancers and species tested to date. 

MFGE8 (Validated Target TCT1030): Homo sapiens milk fat globule-EGF factor 8 
protein (MFGE8) or breast epithelial BA46 antigen is published under GenBank accession 
nos.isNM_005928andBC003610. US patent no. 6,339,066 Bl describes aspects of 
MFGE8 related molecules such as 'protein kinase C-eta' (PKC-?/). 

TNFSF13 (Validated Target TCTIO^I) : Homo sapiens Tumor necrosis factor 
ligand super family member 13 (TNFSF13) is published GenBank accession nos. are 
AK090698 and 075888. Several international patent applications describe aspects of 
TNFSF13 related molecules such as APRIL (A proliferation-inducing ligand), TALL-2 
(TNF-and APOL-related leukocyte expressed ligand 2), and TRDL-1 (TNF-related death 
ligand-1) (see, for example, WO 99/12965 and WO 01/60397). 
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ZFP236 (Validated Tar^ t irTinn*). H omo sapiens zinc finger protein 236 
(ZFP236) is published under GenBank accession no. AK000847. 



SUMMARY OF THE INVENTION 

The invention provides methods for treating diseases, such as cancers, by up- 
regulation, silencing, or down-regulation of a validated target gene expression, by nucleic 
acid interaction, by introducing RNA interference or other agents, such as antibodies, soluble 
receptors, small molecule inhibitors, and the like, to modulate activity of a validated drug 
target, and as a result inhibit tumor growth. 

One aspect of the invention provides methods for treating a disease, for example, a 
cancer or a precancerous growth, in a mammal associated with undesirable expression of a 
target ICT1030 gene, comprising applying a nucleic acid composition that interacts with the 
target ICT1030 DNA or RNA, wherein the nucleic acid composition is capable of enhancing 
expression of the target ICT1030 gene when introduced into a tissue of the mammal. 

According to another aspect of the invention, nucleic acid molecules are introduced 
into tissues, including breast tissue, colon tissue, prostate tissue, skin tissue, bone tissue, 
parotid gland tissue, pancreatic tissue, kidney tissue, uterine cervix tissue, lung tissue, lymph 
node tissue, or ovarian tissue, wherein the nucleic acid molecule is a decoy molecule, a decoy 
DNA, a double stranded DNA, a single-stranded DNA, a complexed DNA, an encapsulated 
DNA, a viral DNA, a plasmid DNA, a naked RNA, an encapsulated RNA, a viral RNA, a 
double stranded RNA, a molecule capable of enhancing expression of the target ICT1030 
gene, or combinations thereof. 

In the another aspect, the invention provides methods for inhibiting cancer or 
precancerous growth in a mammalian tissue, comprising contacting the tissue with an 
enhancer that interacts with the target ICT1030 DNA or RNA and thereby enhances the target 
ICT1030 gene expression. 

In the another aspect, the invention provides methods for inhibiting cancer or 
precancerous growth in a mammalian tissue, comprising contacting the tissue with an 
enhancer that interacts with the target ICT1030 peptide and thereby enhances the target 
ICT1030 gene expression, wherein the tissue is breast tissue, colon tissue, prostate tissue, 
skin tissue, bone tissue, parotid gland tissue, pancreatic tissue, kidney tissue, uterine cervix 
tissue, lymph node tissue, or ovarian tissue, wherein the enhancer is a nucleic acid molecule, 
a decoy molecule, a decoy DNA, a double stranded DNA, a single-stranded DNA, a 
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complexed DNA, an encapsulated DNA, a viral DNA, a plasmid DNA, a naked RNA, an 
encapsulated RNA, a viral RNA, a double stranded RNA, a molecule capable of enhancing 
the target ICT1030 or combinations thereof. 

Another aspect of the invention provides methods of administering nucleic acid to a 
patient in need thereof, wherein the nucleic acid molecule is delivered in the form of a naked 
oligonucleotide or a vector, wherein the nucleic acid interacts with the target ICT1030 gene. 

Yet another aspect of the invention provides methods of administering nucleic acid to 
a patient in need thereof, wherein the nucleic acid molecule is delivered in the form of a 
naked oligonucleotide or a vector, wherein the nucleic acid interacts with the target ICT1030 
gene, wherein the nucleic acid is delivered as a vector, wherein the vector is a plasmid, 
cosmid, bacteriophage, or a virus, for example, a retrovirus or an adenovirus based vector. 

Still another aspect of the invention provides methods of enhancing in vivo expression 
of a gene by administering a vector to a patient in need thereof, wherein the vector containing 
target ICT1030 gene, wherein the nucleic acid interacts with the target ICT1030 gene 
expression, wherein the nucleic acid enhances the target ICT1030 gene expression in a 
mammalian cell, for example, a human cell. 

According an aspect of the invention, the target ICT1030 gene, as described herein, 
comprises a polynucleotide selected fiom the group consisting of: a) a polynucleotide 
encoding the polypeptide set forth in SEQ ID NO:2; b) a polynucleotide set forth in SEQ ID 
NO:l; and SEQ ID NO:3; or c) a polynucleotide having at least about 90% sequence identity 
to the polynucleotide of a) or b). 

In another aspect, the invention provides methods for treating a disease, for example, 
a cancer or a precancerous growth, in a mammal associated with undesirable expression of a 
targetlCT 1024 orlCT 1025 or ICT 1003 orICT1031 gene, comprising applying a nucleic 
acid composition containing an inhibitor that interacts with the target ICT 1024 or ICT 1025 
or ICT 1003 orICT1031 DNA or RNA, wherein the nucleic acid composition is capable of 
reducing expression of the target ICT 1024 or ICT 1 025 or ICT 1003 or ICT103 1 gene when 
introduced into a tissue of the mammal. 

According to another aspect of the invention, nucleic acid molecules are introduced 
into tissues, including breast tissue, colon tissue, prostate tissue, skin tissue, bone tissue, 
parotid gland tissue, pancreatic tissue, kidney tissue, uterine cervix tissue, lung tissue, lymph 
node tissue, or ovarian tissue. 
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According to another aspect, the invention provides methods for treating a disease, for 
example, a cancer or a precancerous growth, in a mammal, comprising applying a nucleic 
acid composition containing an inhibitor that interacts with the target ICT 1024 or ICT 1025 
or ICT 1003 or ICT1031 DNA or RNA, wherein the inhibitor is a siRNA, an RNAi, a shRNA, 
an antisense RNA, an antisense DNA, a decoy molecule, a decoy DNA, a double stranded 
DNA, a single-stranded DNA, a complexed DNA, an encapsulated DNA, a viral DNA, a 
plasmid DNA, a naked RNA, an encapsulated RNA, a viral RNA, a double stranded RNA, a 
molecule capable of generating RNA interference, or combinations thereof. 

In another aspect, the invention provides methods for inhibiting cancer or 
precancerous growth in a mammalian tissue, comprising contacting the tissue with an 
inhibitor that interacts with a target ICT 1024 or ICT 1025 or ICT 1003 or ICT1031 protein, 
DNA or RNA and thereby reduces target ICT 1024 or ICT 1025 or ICT 1003 or ICT1031 
activity or gene expression. 

Yet in another aspect, the invention provides methods for inhibiting cancer or 
precancerous growth in a mammalian tissue, wherein the tissue is a breast tissue, colon tissue, 
prostate tissue, skin tissue, bone tissue, parotid gland tissue, pancreatic tissue, kidney tissue, 
uterine cervix tissue, lung tissue, lymph node tissue, or ovarian tissue. 

Still in another aspect, the invention provides methods for inhibiting cancer or 
precancerous growth in a mammalian tissue, comprising contacting the tissue with an 
inhibitor, wherein the inhibitor is a siRNA, an RNAi, a shRNA, an antisense RNA, an 
antisense DNA, a decoy molecule, a decoy DNA, a double stranded DNA, a single-stranded 
DNA, a complexed DNA, an encapsulated DNA, a viral DNA, a plasmid DNA, a naked RNA, 
an encapsulated RNA, a viral RNA a double stranded RNA, a molecule capable of 
generating RNA interference, or combinations thereof. 

According an aspect of the invention, the target ICT1031 gene, as described herein, 
comprises a polynucleotide selected from the group consisting of: a) a polynucleotide 
encoding the polypeptide set forth in SEQ ID NO:5; b) a polynucleotide set forth in SEQ ID 
NO:4; and c) a polynucleotide having at least about 90% sequence identity to the 
polynucleotide of a) or b). 

According an aspect of the invention, the target ICT1003 gene, as described herein, 
comprises a polynucleotide selected from the group consisting of: a) a polynucleotide 
encoding the polypeptide set forth in SEQ ID NO:7; b) a polynucleotide set forth in SEQ ID 
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NO:6 or SEQ ID NO:8; and c) a polynucleotide having at least about 90% sequence identity 
to the polynucleotide of a) or b). 

In another aspect, the invention provides methods of administering siRNA to a patient 
in need thereof, wherein the siRNA molecule is delivered in the form of an oligonucleotide in 
5 a naked form or in a formulation or a vector, wherein the siRNA interacts with a target ICT 
1024 or ICT 1025 or ICT 1003 or ICT1031 gene or a target ICT 1024 or ICT 1025 or ICT 
1003 or ICT1031 mRNA transcript, wherein the siRNA is delivered as a vector, wherein the 
vector is a plasmid, cosmid, bacteriophage, or a virus, for example, a retrovirus or an 
adenovirus based vector. 

1 0 Another aspect of the inventions provides methods of blocking in vivo expression of a 

target ICT 1024 or ICT 1025 or ICT 1003 or ICT103 1 gene by administering a vector to a 
patient in need thereof, wherein the vector containing a target ICT 1024 or ICT 1025 or ICT 
1003 or ICT1031 siRNA, wherein the siRNA interferes with target ICT 1024 or ICT 1025 or 
ICT 1003 or ICT1031 gene expression, for example, the siRNA causes post-transcriptional 

15 silencing of the target ICT 1024 or ICT 1025 or ICT 1003 or ICT1031 gene in a mammalian 
cell such as a human cell. 

In another aspect, the invention provides methods for treating a disease, for example, 
a cancer or a precancerous growth, in a mammal associated with undesirable expression of a 
target ICT 1024 or ICT 1025 or ICT 1003 or ICT1031 gene, comprising applying a nucleic 

20 acid composition containing an inhibitor that interacts with the target ICT 1024 or ICT 1025 
or ICT 1003 or ICT1031 DNA or RNA, wherein the nucleic acid composition is capable of 
reducing expression of the target ICT 1024 or ICT 1025 or ICT 1003 or ICT1031 gene when 
introduced into a tissue of the mammal. 

According to another aspect, the invention provides methods for treating a disease, for 

25 example, a cancer or a precancerous growth, in a mammal, comprising applying a nucleic 

acid composition containing an inhibitor that interacts with the target ICT1003 DNA or RNA, 
wherein the inhibitor is a siRNA, an RNAi, a shRNA, an antisense RNA, an antisense DNA, 
a decoy molecule, a decoy DNA, a double stranded DNA, a single-stranded DNA, a 
complexed DNA, an encapsulated DNA, a viral DNA, a plasmid DNA, a naked RNA, an 

30 encapsulated RNA, a viral RNA, a double stranded RNA, a molecule capable of generating 
RNA interference, or combinations thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows that the targets identified by the Efficacy-First Discovery™ method 
are different from those identified using a conventional approach. Expression changes of the 
targets are due to perturbation of delivered genes and disease process dynamic. They are 
better fit for drug discovery. 

Figure 2 indicates that among a total of 156 selected targets, 1 1 1 were known based 
on UniGene database annotations and 45 were unknown novel targets. Within the known 
targets, 87% are tumor related. If the same ratio holds the truth, we expect more then 35 
targets are novel tumor targets. In addition, the hits also belong to several tumorigenesis 
pathways. 

Figure 3 shows validated two novel targets: ICT1030 and ICT103 1 . Among the 
selected targets tested with siRNA knockdown in vivo, 2 targets (ICT1030 and ICT103 1) 
were validated with n=8 (8 tumors per cohort). Two proteins are cell surface factors with 
totally opposite effects. ICT1030 knockdown by specific siRNA resulted in tumor grow 
enhancement, versus ICT1031 knockdown triggered tumor growth inhibition. So that the 
former may be protein or gene therapy drug and the later could be an antibody or small 
molecular drug target. 

Figure 4 shows one of the selected targets, ICT1003, which was tested with siRNA 
knockdown in vivo (8 tumors per cohort). The target ICT1003 is a novel zinc finger protein 
and may represent a transcription factor. ICT1003 knockdown by specific siRNA resulted in 
tumor growth inhibition. So that the protein could be a siRNA drug target or small molecular 
drug target. 

Figure 5 shows a novel target, ICT1024, Accession No. AK026010, NM_022450, 
human growth factor receptor-related protein, EGFR-RP, or EGFR-RS, has been first 
identified by Efficacy-First discovery method due to its highly up-regulated expression in 
bFGF treated tumor (MDA-MB-435 cell) tissues. siRNA knockdown of this gene in the cell 
culture (MDA-MB-435 cell) study resulted activated apoptosis status. SiRNA knockdown of 
this gene in the xenograft tumors (MDA-MB-435 cell) resulted in tumor growth inhibition. 
The gene over expressed in several human tumors including breast and prostate cancer The 
coded protein of this gene has a Rhomboid domain and a transmembrane domain. 

Figure 6 shows a novel target, ICT1025, NM_003299, human tumor rejection antigen 
TRA1, HSP gp96, has been first identified by Efficacy-First discovery method due to its 
highly up-regulated expression in bFGF treated tumor (MDA-MB-435 cell) tissues. siRNA 
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knockdown of this gene in the cell culture (MDA-MB-435 cell) study resulted activated 
apoptosis status. siRNA knockdown of this gene in the xenograft tumors (MDA-MB-435 cell) 
resulted in tumor growth inhibition. The gene over expressed in several human tumors 
including brain, breast, colon, ovary and prostate cancer. The coded protein of this gene has 
5 a ATPase domain of HSP90 and the Hsp90 protein. 

Figure 7 shows that the ICT1024 siRNA Design: two 21 nt sequences from ICT1024 
were selected as the targets for RNAi-mediated knockdown of ICT1024 gene expression. 
(SEQ ID NO: 25 and SEQ ID NO: 26) 

Figure 8 shows that ICT1024 siRNA duplexes inhibit growth of MDA-MB-435 cell 
1 0 formed xenograft tumor on nude mice. 

Figure 9 shows that ICT1024 siRNA duplexes induce apoptosis activity in a MDA- 
MB-435 cell culture assay. 

Figure 10 shows that expression of ICT1024 in breast tumor tissue has significantly 
positive correlation with other cancer genes, based on the SAGE/microarray analysis. 
1 5 Figure 1 1 shows that ICT1 024 is highly up regulated in all Stage I Breast Tumor 

samples (100%), based on Gene Logic GeneExpress analysis. 

Figure 12 shows that ICT1024 protein has significant structural homology to other 
rhomboid proteins from various organisms, such as yeast, bacteria and plant. (SEQ ID NOs: 
27 - 35) 

20 Figure 13 shows that ICT1024 is a novel human protein and only shares structural 

homology with other human rhomboid proteins in the C-terminal domain. (SEQ ID NO: 37 
(ICT1024); SEQ ID NO:38 (HRhomboid 2); SEQ ID NO:39 (HRhomboid 3); SEQ ID NO:40 
(HRhomboid 4); SEQ ID NO:41 (HRhomboid 5) and SEQ ID NO:42 (HRhomboid 6). 

Figure 14 shows that ICT1024 does not share DNA or protein sequence homology 
25 with other human rhomboid proteins. The siRNA targeted sequences is uniquely designed 
for ICT1 024 protein. 

Figure 15 shows that the cellular location and topology predication of ICT1024 
protein based on multiple hydrophobicity analyses. At least 6 transmembrane domains were 
predicted with one additionally questioned 7th domains. However, the N-terminal portion of 
30 the protein has a large region (1-400 or 1-590 AA) of peptide exposed outside the membrane, 
and at least part of this region located in extracellular environment. 

Figure 16 shows that the potential proteinase activity for activation of EGF related 
factors, based on the discussion about the role of rhomboid protein function in the insect 
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models. The histidine and serine protease activity is able to cleavage intramembranely the 
transmembrane domain of EGF like factors, resulting release of these ligands to activate the 
corresponding pathways. 

Figure 17 shows a plasmid construct pCI-ICT 1024 containing full-length cDNA 
5 encoding ICT1024 with CMV promoter driven expression cassette. Transfection of this 
plasmid into MDA-MD-435 cells resulted in highly expressed ICT1024 protein. 

Figure 18 shows a plasmid construct pCI-ICT1024N containing a cDNA fragment of 
ICT1024 encoding the N-terminal domain. Transfection of this plasmid, which contains a 
CMV promoter driven expression cassette into MDA-MD-435 cells results in highly 
[0 expressed ICT1024 protein fragment. 

Figure 19 shows the plasmid construct P GEX-5X-3-ICT1024 we built containing full- 
length cDNA of ICT1024 encoding ICT1024 protein. Transfection of this plasmid with 
prokaryotic promoter driven expression cassette into bacteria cells resulted in highly 
expressed ICT1024 protein. 

5 Figure 20 shows the plasmid construct pGEX-5X-3-1024N we built containing cDNA 

fragment of ICT1024 encoding ICT1024 protein N-terminal domain. Transfection of this 
plasmid with prokaryotic promoter driven expression cassette into bacteria cells resulted in 
highly expressed ICT1024 protein fragment. 

Figure 21 shows the plasmid construct pGEX-5X-3-ICT1024C we built containing 
cDNA fragment of ICT1024 encoding ICT1024 protein C-terminal domain. Transfection of 
this plasmid with prokaryotic promoter driven expression cassette into bacteria cells resulted 
in highly expressed ICT1024 protein fragment 

Figure 22 shows the plasmid construct pETBlue-2-ICT1024 we built containing full- 
length cDNA of ICT1024 encoding ICT1024 protein. Transfection of this plasmid with 
prokaryotic promoter driven expression cassette into bacteria cells resulted in highly 
expressed ICT1024 protein. 

Figure 23 shows the plasmid construct pETBlue-2-ICT1024N containing cDNA 
fragment of ICT1024 encoding ICT1024 protein N-terminal domain. Transfection of this 
plasmid with prokaryotic promoter driven expression cassette into bacteria cells resulted in 
highly expressed ICT1024 protein fragment. 

Figure 24 shows the plasmid construct we built containing cDNA fragment of 
ICT1024 encoding ICT1024 protein C-terminal domain. Transfection of this plasmid with 
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prokaryotic promoter driven expression cassette into bacteria cells resulted in highly 
expressed ICT1024 protein fragment. 

Figure 25 is the confirmed sequence of ICT1024 protein coding region 1670-3637 
(SEQIDNO:58). 

Figure 26 (SEQ ID NO:60) is the sequence of the N TERMINUS 553 AA CODING 

REGION: 1070-2731 of ICT1024 

Figure 27, (SEQ ID NO:61) is the sequence of the ICT1024 coding region: 947-3518 
Figure 28, (SEQ ID NO:62) is the sequence of the ICT1024 N terminus 553 aa coding 

region:, 947-2600 

Figure 29, (SEQ ID NO:64) is the sequence of the ICT1024 coding region for the C 
terminus 375 aa:, 945-2069 

Figure 30, (SEQ ID NO:66) is the sequence of the ICT1024 coding region, 310-2879 
Figure 31, (SEQ ED NO:68) is the sequence of the coding region for the N terminus 
400 aa of ICT1024, 3 14-1 515 

Figure 32, (SEQ ID NO:69)Coding region for the C terminus 373 aa of ICT1024: 
308-1431 

Figure 33 shows the sequence of ICT1025 cDNA, Genebank Accession No. 
NM_003299, Tumor Rejection Antigen 1 or gp96. (SEQ ID NO:70) 

Figure 34 shows the sequence of ICT1025 peptide, NP 003290 (SEQ ID NO:71), 
named as Tumor Rejection Antigen (gp96) 1, Glucose Regulated Protein, grp94 and 
Endothelial cell glycoprotein. 

Figure 35 shows that the ICT1025 siRNA Design: two 21 nt sequences from ICT1025 
were selected as the targets for RNAi-mediated knockdown of ICT1025 gene expression. 
(SEQ ID NO:72 and 73) 

Figure 36 shows that ICT1025 specific siRNA duplexes are able to knockdown TRA- 
1 expression in MDA-MB-435 cells, at both message RNA level detected with RT-PCR and 
protein level detected with Western blot analysis. The knockdown of ICT1025 gene 
expression with siRNA has demonstrated dose dependent effects. 

Figure 37 shows that ICT1025 specific siRNA duplexes induce apoptosis activity of 
MDA-MB-435 cells observed at 48 hours after the transfection. 

Figure 38 shows that ICT1025 specific siRNA duplexes decrease cell proliferation of 
HT-29 cells observed 48 hours after the transfection. 
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Figure 39 shows that ICT1025 specific siRNA duplexes induce apoptosis activity of 
HT-29 cells observed at 48 hours after the transfection. 

Figure 40 shows that ICT1025 specific siRNA duplexes inhibit growth of MDA-MB- 
435 cell formed xenograft tumor on nude mice using repeated delivery of the siRNA 
duplexes. The inhibition of tumor growth caused by ICT1025 knockdown is much stronger 
than that of hVEGF knockdown. 

Figure 41 shows that when the commercial monoclonal antibody specific to ICT1025 
was applied on the MDA-MB-435 cells the apoptosis activity of the cells increased 
dramatically in a dose dependent manner. 

Figure 42 shows that ICT1025 is located in the membrane fraction of the cell lysates 
from both MDA-MB-435 cells and MCF-7/VEGF165 cells, detected by the monoclonal 
antibody. 

Figure 43 shows that not only the ICT1025 is located in the membrane fraction, but 
also presented the extracellular domains on the cell surface, detected by the monoclonal 
antibody binding of the biotinylated surface proteins. 

Figure 44 shows that upregulated expression of ICT1025 in multiple cancer tissues 
illustrated with a virtual Northern analysis using SEGE database published by NCI. 

Figure 45 shows the domain architecture of ICT1025 with a Head Shock Protein 90 
domain and a human ATPase_c domain. 

Figure 46 shows that peptide sequence homology between human TRA-1 and mouse 
TRA-1 (SEQ ID NO: 71 and 74). The two proteins are highly similar. 

Figure 47 shows that the peptide sequence homology between TRA-1 and head shock 
protein 90 (SEQ ID NO:71 and 75). 

Figure 48 shows the predictions of the transmembrane structure of ICT1025. 
Figure 49 shows the prokaryotic expression vector PGEX53X1025 carrying full- 
length sequence of ICT1025. 

Figure 50 shows the purified ICT1025 protein expressed from the prokaryotic system. 
Figure 51 shows the eukaryotic expression vector pCI-ICTl 025 carrying the full- 
lenglh cDNA of ICT1025. 

Figure 52 shows HLa peptide motif search results. 

Figure 53 shows suggested models for transmembrane biology of ICT 1025. 
Figure 54 shows predicted transmembrane segments of ICT 1025. 
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Figure 55 shows screening of ICT 1025 mAB for surface binding activities in breast 
tumor cells. 

Figure 56 shows screening of ICT1025 mAB for surface binding activities in colon 
tumor cells. 

Figure 57 shows inhibition of tumorigenesis and tumor growth by treating tumor cells 
with antibody or siRNA prior to inoculation. 



DESCRIPTION OF THE INVENTION 

The present invention provides validated targets for inhibition of tumor growth, 
disease progression and methods and compositions for the inhibition and treatment of tumors 
and cancers, for example, breast cancer, colon cancer, prostate cancer, skin cancer, bone 
cancer, parotid gland cancer, pancreatic cancer, kidney cancer, uterine cervix cancer, lymph 
node cancer, or ovarian cancer, in mammals, for example, humans. The invention is based on 
the findings of novel targets, such as ICT1024, ICT1025, ICT1030, ICT1031, and ICT1003. 
ICT1030 and/or ICT1031 and/or ICT1003 and/or ICT1024 and/or ICT1025 can thus be used 
as targets for therapy; and, they also can be used to identify compounds useful in the 
diagnosis, prevention, and therapy of tumors and cancers (for example, breast cancer, colon 
cancer, prostate cancer, skin cancer, bone cancer, parotid gland cancer, pancreatic cancer, 
kidney cancer, uterine cervix cancer, lymph node cancer, ovarian cancer, or lung cancer. 

The targets ICT1024, ICT1025, ICT1030, ICT1031, and ICT1003, as disclosed herein, 
are validated by a method of validating drug targets that determines the targets control tumor 
progression and thus justify anti-tumor drug discovery (see, US Provisional Application No. 
60/326,422 and WO03/063765, incorporated herein by reference). This unique and 
proprietary Tumor Target Discrimination Method validates targets directly in animal tumor 
models through transgene over-expression and eliminates targets lacking disease control. 
The method reduces the need for protein generation, antibodies, and/or transgenic animals - 
all costly and slow, while providing clear and definitive evidence that targets actually control 
the disease. Moreover, the method provides valuable information that may be lost with 
methods that rely solely on cell-culture and miss the complex interactions of multiple cell 
types that result in disease pathology. 

The platform technology (see, International Application No. WO 0147496 
incorporated by reference), as described above, is a powerful tool for validation of genes that 
are under-expressed in tumor tissue. However, a technology platform to achieve gene 
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silencing is highly desired for validation of genes that are over-expressed in tumor tissue. 
Recently, double stranded RNA has been demonstrated to induce gene specific silencing by a 
phenomenon called RNA interference (RNAi). Although the mechanism of RNAi is still not 
completely understood, overwhelming early results suggested that this RNAi effect may be 
achieved in various cell types including mammalian species. A double stranded RNA 
targeted against mRNA results in the degradation of the target mRNA causing the silencing 
of the corresponding gene. Large double stranded RNA is cleaved into smaller fragments, for 
example, fragments of 21-23 nucleotides long, by a RNase HI like activity involving an 
enzyme Dicer. These shorter fragments known as siRNA (small interfering RNA) are 
believed to mediate the cleavage of mRNA. The RNAi mechanism for down regulation of 
gene expression has been studied in C. elegans and other lower organisms, its effectiveness in 
mammalian cells has been demonstrated. Recently, the RNAi effect is demonstrated in 
mouse using the firefly luciferase gene reporter system (Worby et al. (2001) Sci STKE Aug 
14,2001(95):PL1). 

Our unique PolyTranTM technology (see, International Application No. WO 0147496) 
enables direct administration of plasmids into tumor. This provides strong tumor expression 
and activity of candidate target proteins in the tumor. 
Definitions 

In general, a "gene" is a region on the genome that is capable of being transcribed to 
an RNA that either has a regulatory function, a catalytic function; and/or encodes a protein. 
An eukaryotic gene typically has introns and exons, which may organize to produce different 
RNA splice variants that encode alternative versions of a mature protein. The skilled artisan 
will appreciate that the present invention encompasses all endogenous gene that may be 
found, including splice variants, allelic variants and transcripts that occur because of 
alternative promoter sites or alternative poly-adenylation sites. The endogenous gene, as 
described herein, also can be a mutated endogenous gene, and that the mutation can be in the 
coding or regulatory regions. 

A "target gene" refers to a differentially expressed gene in which modulation of the 
level of gene expression or of gene product activity prevents and/or ameliorates disease 
progression, for example, a tumor growth. Thus, compounds that modulate the expression of 
a target gene, the target genes, or the activity of a target gene product can be used in the 
diagnosis, treatment or prevention of a disease. In particular, target genes in the present 
invention includes endogenous genes and their variants, as described herein. 
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A full-length gene or RNA therefore encompasses any naturally occurring splice 
variants, allelic variants, other alternative transcripts, splice variants generated by 
recombinant technologies which bear the same function as the naturally occurring variants, 
and the resulting RNA molecules. A fragment of a gene can be any portion from the gene, 
which may or may not represent a functional domain, for example, a catalytic domain, a 
DNA binding domain, etc. A fragment may preferably include nucleotide sequences that 
encode for at least 16 contiguous amino acids, more preferably at least 25 contiguous amino 
acids, and most preferably at least about 30, 40, 50, 60, 65, 70, 75 or more contiguous amino 
acids or any integer thereabout or therebetween. A structural gene is a DNA sequence that is 
transcribed into messenger RNA (mRNA) which is then translated into a sequence of amino 
acids characteristic of a specific polypeptide. 

"Complementary DNA" (cDNA), often referred to as "copy DNA", is a single- 
stranded DNA molecule that is formed from an mRNA template by the enzyme reverse 
transcriptase. Typically, a primer complementary to portions of the mRNA is employed for 
the initiation of reverse transcription. Those skilled in the art also use the term "cDNA" to 
refer to a double-stranded DNA molecule that comprises such a single-stranded DNA 
molecule and its complement DNA strand. 

"Gene expression" refers to the biosynthesis of a gene product. For example, in the 
case of a structural gene, gene expression involves transcription of the structural gene into 
mRNA and the translation of mRNA into one or more polypeptides. 

The term "operably associated" is used to describe the connection between regulatory 
elements and a gene or its coding region. That is, gene expression is typically placed under 
the control of certain regulatory elements, including constitutive or inducible promoters, 
tissue-specific regulatory elements, and enhancers. Such a gene or coding region is the to be 
"operably linked to" or "operatively linked to" or "operably associated with" the regulatory 
elements, meaning that the gene or coding region is controlled or influenced by the regulatory 
element. 

"Sequence homology" is used to describe the sequence relationships between two or 
more nucleic acids, polynucleotides, proteins, or polypeptides, and is understood in the 
context of and in conjunction with the terms including: (a) reference sequence, (b) 
comparison window, (c) sequence identity, (d) percentage of sequence identity, and (e) 
substantial identity or "homologous." 
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(a) A "reference sequence" is a defined sequence used as a basis for sequence 
comparison. A reference sequence may be a subset of or the entirety of a specified sequence; 
for example, a segment of a full-length cDNA or gene sequence, or the complete cDNA or 
gene sequence. For polypeptides, the length of the reference polypeptide sequence will 
generally be at least about 16 amino acids, preferably at least about 20 amino acids, more 
preferably at least about 25 amino acids, and even more preferably about 35 amino acids, 
about 50 amino acids, or about 100 amino acids. For nucleic acids, the length of the reference 
nucleic acid sequence will generally be at least about 50 nucleotides, preferably at least about 
60 nucleotides, more preferably at least about 75 nucleotides, and even more preferably about 
100 nucleotides or about 300 nucleotides or any integer thereabout or therebetween. 

(b) A "comparison window" includes reference to a contiguous and specified segment 
of a polynucleotide sequence, wherein the polynucleotide sequence may be compared to a 
reference sequence and wherein the portion of the polynucleotide sequence in the comparison 
window may comprise additions, substitutions, or deletions (i.e., gaps) compared to the 
reference sequence (which does not comprise additions, substitutions, or deletions) for 
optimal alignment of the two sequences. Generally, the comparison window is at least 20 
contiguous nucleotides in length, and optionally can be 30, 40, 50, 100, or longer. Those of 
skill in the art understand that to avoid a misleadingly high similarity to a reference sequence 
due to inclusion of gaps in the polynucleotide sequence a gap penalty is typically introduced 
and is subtracted from the number of matches. 

Methods of alignment of sequences for comparison are well-known in the art. 
Optimal alignment of sequences for comparison may be conducted by the local homology 
algorithm of Smith and Waterman, Adv. Appl. Math., 2: 482, 1981; by the homology 
alignment algorithm of Needleman and Wunsch, J. Mol. Biol, 48: 443, 1970; by the search 
for similarity method of Pearson and Lipman, Proc. Natl. Acad. Set USA, 8: 2444, 1988; by 
computerized implementations of these algorithms, including, but not limited to: CLUSTAL 
in the PC/Gene program by Intelligenetics, Mountain View, California, GAP, BESTFIT, 
BLAST, FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics 
Computer Group (GCG), 7 Science Dr., Madison, Wisconsin, USA; the CLUSTAL program 
is well described by Higgins and Sharp, Gene, 73: 237-244, 1988; Corpet, et al., Nucleic 
Acids Research, 16:881-90, 1988; Huang, et al., Computer Applications in the Biosciences, 
8:1-6, 1992; and Pearson, et al., Methods in Molecular Biology, 24:7-331, 1994. The 
BLAST family of programs which can be used for database similarity searches includes: 
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BLASTN for nucleotide query sequences against nucleotide database sequences; BLASTX 
for nucleotide query sequences against protein database sequences; BLASTP for protein 
query sequences against protein database sequences; TBLASTN for protein query sequences 
against nucleotide database sequences; and TBLASTX for nucleotide query sequences 
against nucleotide database sequences. See, Current Protocols in Molecular Biology, Chapter 
19, Ausubel, et al, Eds., Greene Publishing and Wiley-Interscience, New York, 1995. New 
versions of the above programs or new programs altogether will undoubtedly become 
available in the future, and can be used with the present invention. 

Unless otherwise stated, sequence identity/similarity values provided herein refer to 
the value obtained using the BLAST 2.0 suite of programs, or their successors, using default 
parameters. Altschul et al., Nucleic Acids Res, 2:3389-3402, 1997. It is to be understood that 
default settings of these parameters can be readily changed as needed in the future. 

As those ordinary skilled in the art will understand, BLAST searches assume that 
proteins can be modeled as random sequences. However, many real proteins comprise 
regions of nonrandom sequences which may be homopolymeric tracts, short-period repeats, 
or regions enriched in one or more amino acids. Such low-complexity regions may be 
aligned between unrelated proteins even though other regions of the protein are entirely 
dissimilar. A number of low-complexity filter programs can be employed to reduce such 
low-complexity alignments. For example, the SEG (Wooten and Federhen, Comput. Chem., 
17:149-163, 1993) and XNU (Claverie and States, Comput. Chem., 17:191-1, 1993) low- 
complexity filters can be employed alone or in combination. 

(c) "Sequence identity" or "identity" in the context of two nucleic acid or polypeptide 
sequences includes reference to the residues in the two sequences which are the same when 
aligned for maximum correspondence over a specified comparison window, and can take into 
consideration additions, deletions and substitutions. When percentage of sequence identity is 
used in reference to proteins it is recognized that residue positions which are not identical 
often differ by conservative amino acid substitutions, where amino acid residues are 
substituted for other amino acid residues with similar chemical properties (for example, 
charge or hydrophobicity) and therefore do not deleteriously change the functional properties 
of the molecule. Where sequences differ in conservative substitutions, the percent sequence 
identity may be adjusted upwards to correct for the conservative nature of the substitution. 
Sequences which differ by such conservative substitutions are said to have sequence 
similarity. Approaches for making this adjustment are well-known to those of skill in the art 
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Typically this involves scoring a conservative substitution as a partial rather than a full 
mismatch, thereby increasing the percentage sequence identity. Thus, for example, where an 
identical amino acid is given a score of 1 and a non-conservative substitution is given a score 
of zero, a conservative substitution is given a score between zero and 1 . The scoring of 
conservative substitutions is calculated, for example, according to the algorithm of Meyers 
and Miller, Computer Applic. Biol Set, 4: 1 1-17, 1988, for example, as implemented in the 
program PC/GENE (Intelligenetics, Mountain View, California, USA). 

(d) "Percentage of sequence identity" means the value determined by comparing two 
optimally aligned sequences over a comparison window, wherein the portion of the 
polynucleotide sequence in the comparison window may comprise additions, substitutions, or 
deletions (i.e., gaps) as compared to the reference sequence (which does not comprise 
additions, substitutions, or deletions) for optimal alignment of the two sequences. The 
percentage is calculated by determining the number of positions at which the identical nucleic 
acid base or amino acid residue occurs in both sequences to yield the number of matched 
positions, dividing the number of matched positions by the total number of positions in the 
window of comparison and multiplying the result by 100 to yield the percentage of sequence 
identity. 

(e) (i) The term "substantial identity" or "homologous" in their various grammatical 
forms means that a polynucleotide comprises a sequence that has a desired identity, for 
example, at least 60% identity, preferably at least 70% sequence identity, more preferably at 
least 80%, still more preferably at least 90% and even more preferably at least 95%, 96%, 
97%, 98%, 99% or 100% identity, compared to a reference sequence using one of the 
alignment programs described using standard parameters. One of skill will recognize that 
these values can be appropriately adjusted to determine corresponding identity of proteins 
encoded by two nucleotide sequences by taking into account codon degeneracy, amino acid 
similarity, reading frame positioning and the like. Substantial identity of amino acid 
sequences for these purposes normally means sequence identity of at least 60%, more 
preferably at least 70%, 80%, 90%, and even more preferably at least 95%, 96%, 97%, 98%, 
99% or 100%. 

Another indication that nucleotide sequences are substantially identical is if two 
molecules hybridize to each other under stringent conditions. However, nucleic acids which 
do not hybridize to each other under stringent conditions are still substantially identical if the 
polypeptides which they encode are substantially identical. This may occur, for example, 
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when a copy of a nucleic acid is created using the maximum codon degeneracy permitted by 
the genetic code. One indication that two nucleic acid sequences are substantially identical is 
that the polypeptide which the first nucleic acid encodes is immunologically cross reactive 
with the polypeptide encoded by the second nucleic acid, although such cross-reactivity is not 
required for two polypeptides to be deemed substantially identical. 

(e) (ii) The terms "substantial identity" or "homologous" in their various grammatical 
forms in the context of a peptide indicates that a peptide comprises a sequence that has a 
desired identity, for example, at least 60% identity, preferably at least 70% sequence identity 
to a reference sequence, more preferably 80%, still more preferably 85%, even more 
preferably at least 90% or 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the 
reference sequence over a specified comparison window. Preferably, optimal alignment is 
conducted using the homology alignment algorithm of Needleman and Wunsch, J. Mol. Biol., 
48:443, 1970. An indication that two peptide sequences are substantially identical is that one 
peptide is immunologically reactive with antibodies raised against the second peptide, 
although such cross-reactivity is not required for two polypeptides to be deemed substantially 
identical. Thus, a peptide is substantially identical to a second peptide, for example, where 
the two peptides differ only by a conservative substitution. Peptides which are "substantially 
similar" share sequences as noted above except that residue positions which are not identical 
may differ by conservative amino acid changes. Conservative substitutions typically include, 
but are not limited to, substitutions within the following groups: glycine and alanine; valine, 
isoleucine, and leucine; aspartic acid and glutamic acid; asparagine and glutamine; serine and 
threonine; lysine and arginine; and phenylalanine and tyrosine, and others as known to the 
skilled person. 

The term "antisense RNA" refers to in eukaryotes, RNA polymerase catalyzes the 
transcription of a structural gene to produce mRNA. A DNA molecule can be designed to 
contain an RNA polymerase template in which the RNA transcript has a sequence that is 
complementary to that of a preferred mRNA. The RNA transcript is termed an "antisense 
RNA." Antisense RNA molecules can inhibit mRNA expression (for example, Rylova et al., 
Cancer Res, 62(3):801-8, 2002; Shim et al. Int. J. Cancer, 94(1):6-15, 2001). 

The term "antisense DNA" or "DNA decoy" or "decoy molecule" means with respect 
to a first nucleic acid molecule, a second DNA molecule or a second chimeric nucleic acid 
molecule that is created with a sequence, which is a complementary sequence or homologous 
to the complementary sequence of the first molecule or portions thereof, is referred to as the 
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antisense DNA or DNA decoy or decoy molecule of the first molecule. The term "decoy 
molecule" also includes a nucleic molecule, which may be single or double stranded, that 
comprises DNA or PNA (peptide nucleic acid) (Mischiati et al. Int. J. Mo!. Med., 9(6):633-9, 
2002), and that contains a sequence of a protein binding site, preferably a binding site for a 
regulatory protein and more preferably a binding site for a transcription factor. Applications 
of antisense nucleic acid molecules, including antisense DNA and decoy DNA molecules are 
known in the art, for example, Morishita et al., Ann. N YAcad. Set, 947:294-301, 2001 ; 
Andratschke et al., Anticancer Res, 21:(5)3541-3550, 2001. 

"siRNA" refers to small interfering RNAs, which also include short hairpin RNA 
("shRNA") (Paddison et al., Genes & Dev. 16: 948-958, 2002), that are capable of causing 
interference (as described herein for RNAi) and can cause post-transcriptional silencing of 
specific genes in cells, for example, mammalian cells (including human cells) and in the body, 
for example, mammalian bodies (including humans). The phenomenon of RNA interference 
(RNAi) is described and discussed in Bass, Nature, 411 :428-29, 2001; Elbashir et al., Nature, 
411:494-98, 2001; and Fire et al., Nature, 391:806-1 1, 1998, wherein methods of making 
interfering RNA also are discussed. Exemplary siRNAs according to the invention could 
have up to 29 bps, 25 bps, 22 bps, 21 bps, 20 bps, 15 bps, 10 bps, 5 bps or any integer 
thereabout or therebetween. 

A "stabilized RNAi", "siRNA" or a "shRNA" as described herein, is protected against 
degradation by exonucleases, including RNase, for example, using a nucleotide analogue that 
is modified at the 3' position of the ribose sugar (for example, by including a substituted or 
unsubstituted alkyl, alkoxy, alkenyl, alkenyloxy, alkynyl or alkynyloxy group as defined 
above). The RNAi, siRNA or a shRNA also can be stabilized against degradation at the 3' 
end by exonucleases by including a 3'-3'-linked dinucleotide structure (Ortigao et al., 
Antisense Research and Development 2:129-146 (1992)) and/or two modified phospho bonds, 
such as two phosphorothioate bonds. 

The RNA molecules used in the electroporation method, as described herein, can be 
stabilized RNAs. The RNAs of the instant invention include isolated RNAi, siRNA, mRNA 
or antisense RNA molecule and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
polypeptide or a portion thereof which is capable of binding a target gene motif. A peptide 
derived from GAPDH is known to bind to and stabilize RNA and may be useful in the 
stabilization of therapeutic siRNA/RNAi/shRNA molecules in a cell. 
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The term "cancer" refers to the presence of cells possessing characteristics typical of 
cancer-causing cells, for example, uncontrolled proliferation, loss of specialized functions, 
immortality, significant metastatic potential, significant increase in anti-apoptotic activity, 
rapid growth and proliferation rate, and certain characteristic morphology and cellular 
markers. In some circumstances, cancer cells will be in the form of a tumor; such cells may 
exist locally within an animal, or circulate in the blood stream as independent cells, for 
example, leukemic cells. 

The term "tumor" refers to all neoplastic cell growth and proliferation, whether 
malignant or benign, and all precancerous and cancerous cells and tissues. 

The term "precancerous" refers to cells or tissues having characteristics relating to 
changes that may lead to malignancy or cancer. Examples include adenomatous growths in 
tissues, or conditions, for example, dysplastic nevus syndrome, a precursor to malignant 
melanoma of the skin. Examples also include, abnormal neoplastic, in addition to dysplastic 
nevus syndromes, polyposis syndromes, prostatic dysplasia, and other such neoplasms, 
whether the precancerous lesions are clinically identifiable or not. 

The term "complexed DNA" include a DNA molecule complexed or combined with 
another molecule, for example, a carbohydrate, for example, a sugar, that a sugar-DNA 
complex is formed. Such complex, for example, a sugar complexed DNA can enhance or 
support efficient gene delivery via receptor, for example, glucose can be complexed with 
DNA and delivered to a cell via receptor, such as mannose receptor. 

"Encapsulated nucleic acids", including encapsulated DNA or encapsulated RNA, 
refer to nucleic acid molecules in microsphere or microparticle and coated with materials 
that are relatively non-immunogenic and subject to selective enzymatic degradation, for 
example, synthesized microspheres or microparticles by the complex coacervation of 
materials, for example, gelatin and chondroitin sulfate (see, for example, US Patent No. 
6,4 1 0,5 1 7). Encapsulated nucleic acids in a microsphere or a microparticle are encapsulated 
in such a way that it retains its ability to induce expression of its coding sequence (see, for 
example, US Patent No. 6,406,719). 

"Inhibitors" refers to molecules that inhibit and/or block an identified function. Any 
molecule having potential to inhibit and/or block an identified function can be a "test 
molecule," as described herein. For example, referring to oncogenic function or anti- 
apoptotic activity of ICT1024, ICT1025, ICT1031 or ICT1003, such molecules may be 
identified using in vitro and in vivo assays of ICT1024, ICT1025, ICT1031 or ICT1003, 
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respectively. Inhibitors are compounds that partially or totally block ICT1024, ICT1025 
and/or ICT103 1 and/or ICT1003 activity, decrease, prevent, or delay their activation, or 
desensitize its cellular response. This may be accomplished by binding to ICT1024, ICT1025, 
ICT1 03 1 , or ICT1003 proteins directly or via other intermediate molecules. An antagonist or 
an antibody that blocks ICT1024, ICT1025 and/or ICT103 1 and/or ICT1003 activity, 
including inhibition of oncogenic function or anti-apoptotic activity of ICT1024, ICT1025, 
ICT103 1 and/or ICT1003, is considered to be such an inhibitor. Inhibitors according to the 
instant invention is: a siRNA, an RNAi, a shRNA, an antisense RNA, an antisense DNA, a 
decoy molecule, a decoy DNA, a double stranded DNA, a single-stranded DNA, a complexed 
DNA, an encapsulated DNA, a viral DNA, a plasmid DNA, a naked RNA, an encapsulated 
RNA, a viral RNA, a double stranded RNA, a molecule capable of generating RNA 
interference, or combinations thereof. The group of inhibitors of this invention also includes 
genetically modified versions of ICT1024, ICT1025, ICT1030, ICT1031, or ICT1003, for 
example, versions with altered activity. The group thus is inclusive of the naturally occurring 
protein as well as synthetic ligands, antagonists, agonists, antibodies, small chemical 
molecules and the like. 

"Assays for inhibitors" refer to experimental procedures including, for example, 
expressing ICT1024, ICT1025, ICT1031, or ICT1003 in vitro, in cells, applying putative 
inhibitor compounds, and then determining the functional effects on ICT1024, ICT1025, 
ICT1031, or ICT1003 activity or transcription, as described above. Samples that contain or 
are suspected of containing ICT1024, ICT1025, ICT1 03 1 , or ICT1003 are treated with a 
potential inhibitor. The extent of inhibition or change is examined by comparing the activity 
measurement from the samples of interest to control samples. A threshold level is established 
to assess inhibition. For example, inhibition of a ICT1024, ICT1025, ICT1031, or ICT1003 
polypeptide is considered achieved when the ICT1024, ICT1025, ICT103 1 , or ICT1003 
activity value relative to the control is 80% or lower. 

ICT1030: The term "ICT1030" refers to validated target ICT1030, which includes 
MFGE8 (Accession No. NM 005928, BC003610), related molecules or consensus, nucleic 
acid (DNA and RNA) or protein (or polypeptide), and can include their polymorphic variants, 
alleles, mutants, and interspecies homologs that have (i) substantial nucleotide sequence 
homology (for example, at least 60% identity, preferably at least 70% sequence identity, 
more preferably at least 80%, still more preferably at least 90% and even more preferably at 
least 95%) with the nucleotide sequence of the GenBank Accession No. NM_005928 
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(protein ID. NP_005919.1), Homo sapiens milk fat globule-EGF factor 8 protein (MFGE8) 
(protein ID. NP_005919.1); or (ii) at least 65% sequence homology wilh the amino acid 
sequence of the GenBank proteinjd NP_005919.1 (ICT1030); or (iii) substantial nucleotide 
sequence homology (for example, at least 60% identity, preferably at least 70% sequence 
identity to a reference sequence, more preferably 80%, still more preferably 85%, even more 
preferably at least 90% or 95%) with the nucleotide sequence as set forth in SEQ ID NO:l or 
SEQ ID NO:3; or (iv) substantial sequence homology with the encoded amino acid sequence 
(for example, SEQ ID NO:2). 

ICT1030 polynucleotides or polypeptides are typically from a mammal including, but 
not limited to, human, rat, mouse, hamster, cow, pig, horse, sheep, or any mammal. A 
"ICT1030 polynucleotide" and a "ICT1030 polypeptide," may be either naturally occurring, 
recombinant, or synthetic (for example, via chemical synthesis). 

MFGE8 DNA sequence contains 1934 base pairs (see SEQ ID NO:l), ICT1030 
coding sequence contains 1 164 base pairs (see SEQ ID NO:3), encoding a protein of 387 
amino acids (see SEQ ID NO:2). 

According to an aspect of the present invention, it has been determined that the target 
ICT1030, for example, MFGE8, is a novel target, a tumor suppressor, in mammalian tissues, 
including breast tissue, colon tissue, prostate tissue, skin tissue, bone tissue, parotid gland 
tissue, pancreatic tissue, kidney tissue, uterine cervix tissue, lymph node tissue, and ovarian 
tissue. Human chromosome region 15q25 is one of the novel targets identified that is 
validated as a tumor suppressor. Therefore, the tumor-suppressing gene(s) located on 
chromosome region 15q25 can play an important role in the cancer therapy, including breast, 
colon, prostate, skin, bone, parotid gland, pancreatic, kidney, uterine cervix, lymph node, and 
ovarian cancers. 

ICT1031: The term "ICT1031" refers to validated target ICT1031, which includes 
TNFSF13 (Accession Nos. AK090698 and 075888), related molecules such as APRIL, 
TALL-2 and TRDL-1, or consensus, nucleic acid (DNA and RNA) or protein (or 
polypeptide), and can include their polymorphic variants, alleles, mutants, and interspecies 
homologs that have (i) substantial nucleotide sequence homology (for example, at least 60% 
identity, preferably at least 70% sequence identity, more preferably at least 80%, still more 
preferably at least 90% and even more preferably at least 95%) with the nucleotide sequence 
of the Accession No. AK090698, Homo sapiens TNFSF13 (Accession Nos. AK090698 and 
Q75888); or (ii) at least 65% sequence homology with the amino acid sequence of the 
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Accession No. 075888 (TNFSF13); or (iii) substantial nucleotide sequence homology (for 
example, at least 60% identity, preferably at least 70% sequence identity to a reference 
sequence, more preferably 80%, still more preferably 85%, even more preferably at least 90% 
or 95%) with the nucleotide sequence as set forth in SEQ ID NO:4; or (iv) substantial 
sequence homology with the encoded amino acid sequence (for example, SEQ ID NO: 5). 

ICT1031 polynucleotides or polypeptides are typically from a mammal including, but 
not limited to, human, rat, mouse, hamster, cow, pig, horse, sheep, or any mammal. A 
"ICT1031 polynucleotide" and a "ICT1031 polypeptide," maybe either naturally occurring, 
recombinant, or synthetic (for example, via chemical synthesis). 

TNFSF13 DNA sequence (Accession No. AK090698) contains 2036 base pairs (see 
SEQ ID NO:4) and TNFSF13 encoding protein (Accession No. 075888) contains 250 amino 
acids (see SEQ ID NO:5). 

According to an aspect of the present invention, it has been determined that the target 
ICT103 1, for example, TNFSF13, is a novel target for tumor growth inhibition in mammalian 
tissues, including breast tissue, colon tissue, esophagus tissue, and ovarian tissue. Therefore, 
inhibition of tumor-promoting target ICT1031 can play an important role in the cancer 
therapy, including breast, colon, esophagus, and ovarian cancers. 

ICT1003: The term "ICT1003" refers to validated target ICT1003, which includes 
ZFP236 (Accession Nos. AK000847), related molecules, or consensus, nucleic acid (DNA 
and RNA) or protein (or polypeptide), and can include their polymorphic variants, alleles, 
mutants, and interspecies homologs that have (i) substantial nucleotide sequence homology 
(for example, at least 60% identity, preferably at least 70% sequence identity, more 
preferably at least 80%, still more preferably at least 90% and even more preferably at least 
95%) with the nucleotide sequence of the GenBank Accession No. AK000847, novel Homo 
sapiens zinc finger protein 236 (GenBank Accession No. AK000847.1); or (ii) at least 65% 
sequence homology with the amino acid sequence of the protein_id BAA91398.1 
(ICTB1003); or (iii) substantial nucleotide sequence homology (for example, at least 60% 
identity, preferably at least 70% sequence identity to a reference sequence, more preferably 
80%, still more preferably 85%, even more preferably at least 90% or 95%) with the 
nucleotide sequence as set forth in SEQ ID NO:6 or SEQ ED NO:8; or (iv) substantial 
sequence homology with the encoded amino acid sequence (for example, SEQ ID NO:7). 

ICT1003 polynucleotides or polypeptides are typically from a mammal including, but 
not limited to, human, rat, mouse, hamster, cow, pig, horse, sheep, or any mammal. A 
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"ICT1003 polynucleotide" and a "ICT1003 polypeptide," may be either naturally occurring, 
recombinant, or synthetic (for example, via chemical synthesis). 

ZFP236 DNA sequence contains 2241 base pairs (see SEQ ID NO:6), ZFP236 coding 
sequence contains 1419 base pairs (see SEQ ID NO:8), encoding a protein of 472 amino 
acids (see SEQ ID NO:7). 

According to an aspect of the present invention, it has been determined that the target 
ICT1003, for example, ZFP236, is a novel target for tumor growth inhibition in mammalian 
tissues, including breast tissue, colon tissue, lung tissue, and ovarian tissue. Therefore, 
inhibition of tumor-promoting target ICT1003 can play an important role in the cancer 
therapy, including breast, colon, lung and ovarian cancers. 

ICT1024: The term "ICT1024" refers to validated target ICT1024, the gene and 
protein EGF-AP. The was identified first using a process called Efficacy-First™ discovery 
(described in PCT/US02/31 554, which is hereby incorporated by reference in its entirety). 
Briefly, human breast tumor carcinoma cells, MDA-MB-435, were inoculated 
subcutaneously into mouse breast fat pads. When the xenograft tumors grew up to 200mm3 
in volume, plasmids expressing basic Fibroblast Growth Factors (FGF-2) were intratumorally 
delivered repeatedly. The treated tumor demonstrated much faster growth than the untreated 
tumor. 

Tumor tissues was obtained and used to isolate total RNA for microarray analysis 
(Affymetrix, U133). One of the highly un- or down-regulated genes (about 1% of the total 
probes on the U133 chip), ICT1024, demonstrated significant up-regulated expression with 
signal from 585 (control group expression level), to 1208 (treated group expression level). 
This gene was therefore selected for the next level of target validation with a method called 
Disease-Control™ validation, using an siRNA based in vivo knockdown in the same 
xenograft tumor model. Two siRNA duplexes, 21 base pair each (Fig. 7) (SEQ ID NO: 25 
and 26), were designed targeting this ICT1024 gene, specific to the sequence of AK026010, 
NM_022450 and M99624, in the coding region (aagctggacattccctctgcg, 
aagagcccagcttcctgcagc). Then the two siRNA duplexes were delivered intratumorally three 
times. The siRNA-mediated knockdown of ICT1024 gene expression resulted in tumor 
growth inhibition (Fig. 8). The further analysis in a cell culture based study demonstrated 
that knocking down ICT1024 gene expression in the tumor cell MDA-MB-435, induced a 
remarkable increase of the apoptosis activity (Fig. 9). Based on these results, ICT1024 was 
selected for further evaluation as a therapeutic target. 
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After this identification and validation of the biological function of this gene in cell 
culture and in a xenograft tumor model, a series of analyses of ICT1024 gene expression 
profile searches were conducted through both public domain databases and the GeneLogic 
Express Analysis. The results from the analyses further demonstrated the biological function 
and its relevance to the disease status, particularly in the area of tumor growth, tumor cell 
apoptosis and tumor metastasis. 

ICT1024 gene is highly expressed in various tumor samples. In addition to the 
observation from the Efficacy-First™ study that ICT1024 was up-regulated in bFGF treated 
xenograft tumor formed by inoculation of human breast carcinoma cell, MDA-MB-435 
( there is some evidences that this cell line may be from melanoma rather than breast 
carcinoma), it was found out that ICT1024 is significantly up-regulated in tumor tissue, 
especially in breast carcinoma tissue samples, from three different analyses. Those analyses 
were provide online from SAGE Genie databases of NCBI's CANCER GENOME 
ANATOMY PROJECT The first analysis is from a SAGE digital Northern (see Table I) 
(SEQ ID NO:36) that demonstrated a very clearly up-regulated ICT1024 expression in 
metastatic breast carcinoma tissues. From the same analysis, the up-regulation of ICT1024 
gene expression was also observed in stomach cancer, prostate adenocarcinoma, brain 
glioblastoma and other tumor types. The second analysis is from Monochromatic 
SAGE/cDNA Virtual Northern (see Table IT). In terms of all tissue types, the ICT1024 has 
been identified as highly up-regulated genes from both EST data set and SAGE data set. In 
the mammary gland tumor tissue, this gene was significantly up regulated in the SAGE 
dataset. Brain and prostate are other tissue types showed significant up regulated gene 
expression in tumor tissues than in the normal tissues. The third analysis is from Two 
Dimensional Array Display (see Fig. 10). ICT1024 expressions is correlated with the 
expressions of a group of tumorigenic genes in the breast tumor tissues. 

Using Gene Logic's GeneExpress analysis, we found out that not only was ICT1024 
up-regulated in the breast tumor tissues, but also was much more up-regulated in the tissues 
from the stage I tumors than those from other stages of the tumors (Fig. 1 1). This finding 
indicates that ICT1024 is actively involved in the early stage of tumor growth. 

Through the literature search, ICT1024 was found to have a positive correlation with 
expression of PSMB1, Proteosome Beta Subunit 1. Proteosome is a multicatalytic proteinase 
complex and it is able to cleave peptides in a ubiquitin-dependent process. The Ubiquitin- 
mediated degradation of critical regulators is currently a well-recognized anticancer target 
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Another positive correlation with RAP1 expression was also been observed. RAP1 is 
Ras-associated protein-1 and is involved in activation of the Ras oncogene. 

ICT1025: The term "ICT1025" refers to validated target ICT1025. The inventors 
identified the gene and protein, TRA-1, first using a process called Efficacy-First™ discovery 
(described in PCT/US02/31554, which is hereby incorporated by reference in its entirety). 
Briefly, human breast tumor carcinoma cells, MDA-MB-435, were inoculated 
subcutaneously into mouse breast fat pads. When the xenograft tumors grew up to 200mm3 
in volume, plasmids expressing basic Fibroblast Growth Factors (FGF-2) were intratumorally 
delivered repeatedly. The treated tumor demonstrated much faster growth than the untreated 
tumor. 

Tumor tissues was obtained and used to isolate total RNA for microarray analysis 
(Affymetrix, U133). One of the highly un- or down-regulated genes (about 1% of the total 
probes on the U133 chip), ICT1025, demonstrated significant up-regulated expression with 
signal from 279 (control group expression level), to 412 (treated group expression level). 
This gene (Accession No. AK025852, NM_003299 and BC009195, Figure 33, mRNA 
sequence (SEQ IDNO:70); Figure 34 protein sequence (SEQ ID NO:71) was therefore 
selected for the next level of target validation with a method called Disease-Control™ 
validation, using an siRNA based in vivo knockdown in the same xenograft tumor model. 
Two siRNA duplexes, 21 base pair each (Fig. 35) (SEQ ID NO. 72 and 73), were designed 
targeting this ICT1025 gene, specific to the sequence in the coding regions of 
aactgttgaggagcccatgga (started at nt 966) and aatctgatgatgaagctgcag (started at nt 1008). 
Then the two siRNA duplexes were delivered intratumorally three times. The siRNA- 
mediated knockdown of ICT1025 gene expression resulted in tumor growth inhibition (Fig. 
36). The further analysis in a cell culture based study demonstrated that knocking down 
ICT1025 gene expression in the tumor cells MDA-MB-435, HT29 induced remarkable 
increases of the apoptosis activity (Fig. 37) and decrease of cell proliferation. Based on these 
results, ICT1025 was selected for further evaluation as a therapeutic target. 

After this identification and validation of the biological function of this gene in cell 
culture and in a xenograft tumor model, a series of ICT1025 gene expression profile searches 
were conducted through both public domain databases and the GeneLogic Express Analysis. 
The results from the analyses further demonstrated the biological function and its relevance 
to the disease status, particularly in the areas of tumor growth, tumor cell apoptosis and tumor 
metastasis.. 
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TRA-1 s downregulation by siRNA delivery specifically inhibiting its expression has 
demonstrated that its expression has a "Disease-Controlling" role in proliferative diseases. 
By using siRNA-mediated knockdown of TRA-1 expression in the xenograft tumor model it 
was found that tumor growth rate is inhibited when TRA-1 expression is inhibited. We 
further found out that knocking down the expression of this protein in several breast tumor 
cell lines induced significant increase of the apoptotic activity. This finding was further 
verified when the cells were treated with the monoclonal antibody specifically against this 
protein. During the process to define the subcellular location of this protein in the breast 
tumor cells, we found that not only this protein are cell surface membrane bound but also has 
substantial potion located extracellularly. 

Given our findings, one hypothesis for the promising autologous protocol clinical 
results is mat administration of the isolated TRA-1 complex induces antibodies toward TRA- 
1 itself, not just the autologous patient specific peptides, and contributes substantially to 
tumor inhibition, or potentially is the major mechanism of activity. Using cell surface 
biotinylation technique, we observed that existence of TRA-1 proteins in the outer surface of 
the MDA-MB-435 and MCF-7 breast cancer cells. To explore the biological relevance of the 
cell surface localization of TRA-1 from breast cancer cells, we examined the mAb on cell 
apoptosis and proliferation. When the cells were treated with a TRA-1 monoclonal antibody, 
increase of apoptosis activity and inhibition of cell proliferation were observed. These results 
strongly suggest an involvement of cell surface TRA-1 in apoptosis and cell proliferation 
signal pathway. Therefore, TRA-1 inhibitors, including siRNA agent to reduce its expression 
and antibodies to bind it and inhibit its activity, provide novel and effective treatments for 
breast cancer, other malignancies, and many proliferative diseases. Success of mAb therapy 
inhibiting TRA-1 will have broad applications and will be clinical feasible. 

The invention provides methods and compositions for inhibiting or blocking the 
biological activity of ICT1025 protein. Therapeutic methods and compositions for treatment 
of cancer, autoimmune disease and other diseases also are provided. More specifically, the 
invention provides methods and compositions that permit down-regulation of the production 
and activity of ICT1025 at the nucleic acid and/or protein level, and that allow deactivation, 
inhibition, blocking, or down-regulation of biochemical functions of this protein. The 
inhibition can be achieved, for example, by down-regulating transcription or translation of the 
protein; by degrading mRNA encoding the protein, by degrading the protein, by blocking 
and/or deactivating RNA and by inhibiting protein function. The invention provides 
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inhibitors of ICT1025 including, but nor limited to, antibodies, mRNA sequence specific 
inhibitors, such as siRNA and antisense, peptide antagonists, and small molecule protease 
inhibitors. The invention also provides methods for generating these inhibitors, and for using 
one or more inhibitors to achieve a desired biological function, such as treatment and 
prevention of neoplastic, immunological and/or infectious diseases. In particular, the 
invention provides immunoglobulin agents, including antibodies and antibody fragments, and 
methods of using these agents for the treatment and diagnosis of disease. The content of the 
provisional application Serial No. 60/458,948 is hereby incorporated by reference in its 
entirety. 

DNA an d protein sequence homology analyses 

ICT 1024: There are three full-length cDNA sequences: NM_022450, BC014425 and 
AK026010, which code for the same protein. The protein contains 855 amino acids and has a 
molecular weight of about 130 kD. 

Using BLAST search for homology of DNA sequences, we found about 325 
homologous sequences in human, murine, rattus and fagu, etc. However, only a very few 
human homologues were found. There is only one cDNA sequence (AK056708) has very 
high homology with the above three cDNAs, but a short stretch of mutated sequence, which 
may caused by cloning artifact. Therefore, the protein coding region was disrupted. Other 
partial cDNA sequences and chromosome sequences were also found. The cDNA was 
originally named in the NCBI nucleotide database as EGFR related sequence (EGFR-RS), or 
EGFR related protein (EGFR-RP) before April 22 of 2003. Currently the cDNA has been 
named as Homo sapiens rhomboid family 1. 

We further analyzed the protein sequence of ICT1024. This 855 AA protein has 
several domain signatures identified by Conserved Domain Architecture Retrieval Tool from 
NCBI database. One of the major domain structure is a region covering about 146 AA. This 
domain has been recognized as the conservative region of the Rhomboid family. This family 
contains integral membrane proteins that are related to Drosophila rhomboid protein. 
Members of this family are found in bacteria and eukaryotes. Rhomboid promotes the 
cleavage of the membrane-anchored TGF-alpha-like growth factor Spitz, allowing it to 
activate the Drosophila EGF receptor (4,5,6,7). Analysis suggests that Rhomboid-1 is a novel 
intramembrane serine protease that directly cleaves Spitz. These proteins contain three 
strongly conserved histidines in the putative transmembrane regions that may be involved in 
the peptidase function. We first compared the ICT1024 rhomboid domain with a group of 
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rhomboid proteins from various organism (Fig. 12). Although the framework of the ICT1024 
rhomboid domain is quite similar to those from other organisms, the sequences are very 
different. In comparison of the ICT1024 rhomboid domain with other human rhomboid like 
proteins (Fig. 13), the sequence of ICT1024 is very different from others. In addition, the 
ICT1024 specific siRNA duplexes used in both in vitro and in vivo validations target regions 
that are quite different from any of those human rhomboid proteins (Fig. 14). 

We also analyzed the hydrophobicity of ICT1024 protein and its potential trans- 
membrane location. Multiple prediction program have been applied, including SOSUI model 
(Table IH), TMHMM Model and TMpred Models (Fig. 15). From those analyses, it seems 
that ICT1024 is a integral membrane protein with multiple transmembrane domains and 
intracellular domains and extracellular domains. Whatever methods used for the predication 
of the protein location and topology, this protein has been demonstrated with a long N- 
terminal domain outside the membrane. This N-terminal domain would either be outside of 
cell or inside the cytoplasm. There are other regions of this protein also exposed to the 
outside of the cell or cytoplasm. The membrane protein, ICT1024, has a proteinase activity 
for activation of EGF-EGF receptor pathway and, based on the discoveries described herein, 
is a very attractive target for therapeutic development of various modalities of drugs, 
including monoclonal antibody, siRNA inhibitor, peptide antagonist and small molecular 
inhibitors, etc. A suitable monoclonal antibody will bind to either the extracellular or 
intracellular domain of the protein and block function of the protein. 



ICT 1025 

As mentioned in the Background section, there are three full-length cDNA sequences: 
NM_003299, AK025459 and BC009195, which code for the same protein. The protein 
contains 803 amino acids. 

Using BLAST search for homology of DNA sequences, we found about many 
homologous sequences in human, murine, rattus and fugu, etc. However, only a very few 
human homologues were found. There is only one cDNA sequence (AK025459) has very 
high homology with the above three cDNAs, but a short stretch of mutated sequence, which 
may caused by cloning art fact. Therefore, the protein coding region was disrupted. Other 
partial cDNA sequences and chromosome sequences were also found. The cDNA was 
originally named in the NCBI nucleotide database as Tumor Rejection Protein 1 (TRA-1). 



35 



WO 2004/089284 



PCT/US2004/010059 



We also analyzed the hydrophobicity of ICT1025 protein and its potential trans- 
membrane location. Multiple prediction programs including DAS model and TMpred Model 
were used for the analyses (Fig. 17). Whatever methods used for the predication of the 
protein location and topology, this protein has been demonstrated with several 
transmembrane domains. This N-terminal domain would be either outside of cell or inside 
the cytoplasm. There are other regions of this protein also exposed to the outside of the cell 
or cytoplasm. The membrane presentation of ICT1025 may play very important roles in 
tumorigenesis and tumor antigen presenting. Therefore, ICT1025 is a very attractive target 
for therapeutic development of various modalities of drugs, including monoclonal antibody, 
siRNA inhibitor, peptide antagonist and small molecular inhibitors, etc. A suitable 
monoclonal antibody will bind to either the extracellular or intracellular domain of the 
protein and block function of the protein. 



The role in tumor metastasis and growth 
ICT1024 

The protein ICT1024 apparently plays a key role in tumor metastasis and tumor 
growth, through its activation of the EGF-EGFR pathway, and other proteinase functions and 
the additional unknown functions. We have evidence to demonstrate that this gene is up- 
regulated in fast growing tumor from a xenograft tumor model study treated with bFGF 
expression vector. This gene is up-regulated in mRNA level in tumor tissues, from breast 
cancer, prostate cancer, brain cancer and other types of cancers, based on the SAGE virtual 
and digital northern analyses. This gene has also been shown to be up-regulated using Gene 
Logic's GeneExpresse analysis. When the gene expression was knockdown with ICT-1024 
specific siRNA duplexes in the growing xenograft tumors, the tumor growth was 
significantly inhibited (Fig. 8). 

Apoptosis (programmed cell death) is a form of cellular suicide that typically includes 
plasma membrane blebbing, cellular volume contraction, and nuclear condensation, and 
culminates in the activation of endogenous endonucleases that degrade cellular DNA. The 
well-defined loss of specific cells is crucial during embryonic development and 
organogenesis. In addition to its physiological roles, apoptosis also occurs in many types of 
cancer cells when they are exposed to various chemotherapeutic drugs, including 
antimetabolites, deoxynucleotide synthesis inhibitors, DNA topoisomerase inhibitors, anti- 
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microtubule agents, alkylating agents, and endoplasmic reticulum (ER) stressors. 
Interestingly enough, when we knockdown ICT-1024 expression in MDA-MB-435 cells 
transfected with the specific siRNA duplexes, the apoptosis activity was dramatically 
increased, as tested with a TUNEL assay, in which terminal deoxynucleotidyl transferase 
5 (TdT) catalyzes the incorporation of bromo-deoxyuridine (BrdU) residues into the 
fragmenting nuclear DNA at the 3*-hydroxyl ends by nicked end labeling. 

The specific ICT1024 gene silencing by siRNA duplexes has been verified by RT- 
PCR. This finding suggested that ICT-1024 plays a crucial role in regulation of tumor cell 
apoptosis. Other evidence tends to show that the EGF-EGFR is sufficient to activate the 

1 0 major signaling pathways leading to cell proliferation and survival, and EGFR signaling is 
sufficient to suppress apoptosis induced by serum withdrawal (12). 

Malignant tumors grow out of control due to the highly expressed and activated 
growth factors, EGF, PDGF and VEGF, etc. They penetrate and destroy local tissues and 
spread throughout the body via blood or the lymphatic system. These tumors are not 

1 5 morphologically typical of the original tissue and are not encapsulated. Malignant tumors 
commonly recur after surgical removal. Accordingly, treatment ordinarily targets malignant 
cancers or malignant tumors. The intervention of malignant growth is most effective at the 
early stage of the cancer development. It is important, therefore, to identify and validate a 
target for early signs of tumor formation and to determine potent tumor growth or gene 

20 expression suppression elements or agents associated therewith. The development of such 
tumor growth and/or gene expression and therapeutic elements or agents involves an 
understanding of the genetic control mechanisms for cell division and differentiation, 
particularly in connection with tumorigenesis. 

Based on the GeneExpress analysis, which is based on thousands of clinical samples 

25 of tumor tissues and normal tissues, we found that ICT1024 has significantly up-regulated 
expression in Stage 1 tumor samples (Fig. 1 1). The signals from Affymetrix array U133 for 
the Stage 1 tumor samples are much higher (283) than those from the normal tissues (165). 
All Stage 1 tumor samples showed significant up-regulation of ICT1024 gene expression. 
Accordingly, ICT1024 is useful as a marker for early cancer diagnosis. It is also very useful 

30 for cancer treatment when this gene is specifically knocked down. 

In the Drosophila cell, the polytopic membrane protein Rhomboid- 1 promotes the 
cleavage of the membrane-anchored TGFalpha-like growth factor Spitz, allowing it to 
activate the Drosophila EGF receptor. Until now, the mechanism of this key signaling 
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regulator has remained obscure, but this analysis suggests that Rhomboid- 1 is a novel 
intramembrane serine protease that directly cleaves Spitz. In accordance with the putative 
Rhomboid active site being in the membrane bilayer, Spitz is cleaved within its 
transmembrane domain, and thus is the first example of a growth factor activated by 
regulated intramembrane proteolysis. Rhomboid-1 is conserved throughout evolution from 
archaea to humans, and these results show that a human Rhomboid promotes Spitz cleavage 
by a similar mechanism. This growth factor activation mechanism may therefore be 
widespread (6). Although Rhomboid-1 does not contain any obvious sequence homology 
domains, it has the characteristics of a serine protease (7). Four of its six essential residues 
parallel the residues required for a serine protease catalytic triad charge-relay system and an 
oxyanion stabilization site (consisting of a glycine two residues away from the active serine, 
and the serine itself; G215 and S217). These are the two active site determinants of serine 
proteases, and these four essential residues account for all of the amino acids known to 
participate directly in the serine protease catalytic mechanism (5) These residues are 
absolutely conserved in all Rhomboids, and their mutation to even very similar residues (i.e., 
G215A, S217T, and S217C) abolishes Rhomboid-1 activity. These are hallmarks of active 
site residues. (3) The location of the essential residues is highly suggestive of a serine 
protease active site; both G215 and S217 occur in the conserved GASGG motif, which is 
remarkably similar to the conserved GDSGG motif surrounding the active serine of 200 
different serine proteases. Furthermore, the essential residues N169 and H281 occur at the 
same height in their transmembrane domains (TMDs) as the GASGG motif, consistent with 
the proposal that they associate with S21 7 to generate a catalytic triad. Finally, Spitz 
processing is directly inhibited by the specific serine protease inhibitors DCI and TPCK, and 
Rhomboid-1 itself becomes limiting in their presence, suggesting that Rhomboid-1 is their 
direct target and thus the serine protease responsible for Spitz cleavage. The suggested 
model is presented in Figure 16. 

Because of our understanding about this gene and its encoded protein, and its 
potential function in human cell, we designate this gene as EGF Activation Protein (EGF-AP). 
We also conclude that EGF-AP is an attractive cancer target for anti-tumor therapeutic 
development. Inhibitors, such as DNA binding protein, RNA binding protein, siRNA or 
other types of RNAi, antisense, ribozyme and DNAzyme, etc., that are able to block the 
ICT1024 protein production, are effective for treating diseases associated with increased 
ICT1024 expression. In addition, these diseases also may be treated using inhibitors, such as 
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monoclonal antibodies, polyclonal antibodies, single chain antibodies, intrabodies, protein 
antagonists, small molecule protease inhibitors or other types of inhibitors, will be effective 
blockers of ICT1024 protein functions. We have also recognized that this ICT1024 protein 
may represent a novel class of drug targets useful for treatment of cancer and other diseases. 
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ICT1025 

The protein ICT1025 apparently plays a key role in tumor metastasis and tumor 
growth, through its multiple roles as inhibitor of apoptosis, activator of proliferation and up- 
regulation of multiple drug resistant genes. We have evidence to demonstrate that this gene 
is up-regulated in fast growing tumor from a xenograft tumor model study treated with bFGF 
expression vector. This gene is up-regulated in mRNA level in tumor tissues, from breast 
cancer, prostate cancer, brain cancer and other types of cancers, based on the SAGE virtual 
and digital northern analyses. This gene has also been shown to be up-regulated using Gene 
Logic's GeneExpresse analysis. When the gene expression was knockdown with ICT1025 
specific siRNA duplexes in the growing xenograft tumors, the tumor growth was 
significantly inhibited (Fig. 38). 

Apoptosis (programmed cell death) is a form of cellular suicide that typically includes 
plasma membrane blebbing, cellular volume contraction, and nuclear condensation, and 
culminates in the activation of endogenous endonucleases that degrade cellular DNA. The 
well-defined loss of specific cells is crucial during embryonic development and 
organogenesis. In addition to its physiological roles, apoptosis also occurs in many types of 
cancer cells when they are exposed to various chemotherapeutic drugs, including 
antimetabolites, deoxynucleotide synthesis inhibitors, DNA topoisomerase inhibitors, anti- 
microtubule agents, alkylating agents, and endoplasmic reticulum (ER) stressors. 
Interestingly enough, when we knockdown ICT1025 expression in MDA-MB-435 cells and 
HT-29 cells, transfected with the specific siRNA duplexes, the apoptosis activity was 
dramatically increased (Figure 37 and 38), as tested with a TUNEL assay, in which terminal 
deoxynucleotidyl transferase (TdT) catalyzes the incorporation of bromo-deoxyuridine (BrdU) 
residues into the fragmenting nuclear DNA at the 3'-hydroxyl ends by nicked end labeling. 

The specific ICT1025 gene silencing by siRNA duplexes has been verified by RT- 
PCR (Fig. 36). This finding suggested that ICT1025 plays a crucial role in regulation of 
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tumor cell apoptosis. Other evidence tends to show that the ICT1025 is sufficient to activate 
the major signaling pathways leading to cell proliferation and survival. 

Methods of Treating Cellular Proliferative Diseases 

Using inhibitors to bloc k ICT1024 and ICT1025 protein p roduction 

RNAi, antisense, ribozyme and other nucleic acid therapeutics can be used to inhibit 
expression of ICT 1003 and ICT-1024 and ICT 1025 and ICT 1031 in patients suffering 
diseases with cellular proliferation. For example, an ICT 1003 or ICT-1024 or ICT 1025 or 
ICT 103 1 antisense strand (either RNA or DNA) is directly introduced into the cells in a form 
that is capable of binding to the mKNA transcripts. Alternatively, a vector containing a 
sequence which once within the target cells, is transcribed into the appropriate antisense 
mRNA, may be administered. Antisense nucleic acids which hybridize to target mRNA 
decrease or inhibit production of the polypeptide product encoded by a gene by associating 
with the normally single-stranded mRNA transcript, thereby interfering with translation and 
thus, expression of the protein. For example, DNA containing a promoter, e.g., a tissue- 
specific or tumor specific promoter, is operably linked to a DNA sequence (an antisense 
template), which is transcribed into an antisense RNA. By "operably linked"- is meant that a 
coding sequence and a regulatory sequence(s) (i.e., a promoter) are connected in such a way 
as to permit gene expression when the appropriate molecules (e.g., transcriptional activator 
proteins) are bound to the regulatory sequence(s). 

Oligonucleotides complementary to various portions of ICT 1003 or ICT-1024 or ICT 
1025 or ICT1031 can be determined in vitro for their ability to decrease production of ICT 
1003 or ICT-1024 or ICT 1025 or ICT103 1 in human cells (e.g., using the FOCUS 
hepatocellular carcinoma (HCC) cell line) according to standard methods. A reduction in ICT 
1003 or ICT-1024 or ICT 1025 or ICT103 1 gene product in cells contacted with the 
candidate antisense composition compared to cells cultured in the absence of the candidate 
composition is detected using ICT 1003 or ICT-1024 or ICT 1025 or ICT1 031 -specific 
antibodies or other detection strategies. Sequences which decrease production of ICT 1003 or 
ICT-1024 or ICT 1025 or ICT103 1 in in vitro cell-based or cell-free assays are then be tested 
in vivo in rats or mice to confirm decreased ICT 1003 or ICT-1024 or ICT 1025 or ICT103 1 
production in animals with malignant neoplasms. 
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Antisense therapy is carried out by administering to a patient an antisense nucleic acid 
by standard vectors and/or gene delivery systems. Suitable gene delivery systems may 
include liposomes, polymers, receptor-mediated delivery systems, naked DNA, and viral 
vectors such as herpes viruses, retroviruses, adenoviruses and adeno-associated viruses, 
among others. A therapeutic nucleic acid composition is formulated in a pharmaceutically 
acceptable carrier. The therapeutic composition may also include a gene delivery system as 
described above. Pharmaceutically acceptable carriers are biologically compatible vehicles 
which are suitable for administration to an animal: e.g., physiological saline. A 
therapeutically effective amount of a compound is an amount which is capable of producing a 
medically desirable result such as reduced production of an ICT 1003 or ICT-1024 or ICT 
1025 or ICT1031 gene product or a reduction in cellular proliferation in a treated animal. 

Parenteral administration, such as intravenous, subcutaneous, intramuscular, and 
intraperitoneal delivery routes, may be used to deliver nucleic acids or ICT 1003 or ICT-1024 
or ICT 1025 or ICT 1031 -inhibitory peptides on non-peptide compounds. Liposome 
formulations of therapeutic compounds may also facilitate activity. 

Dosages for any one patient depends upon many factors, including the patient's size, 
body surface area, age, the particular nucleic acid to be administered, sex, time and route of 
administration, general health, and other drugs being administered concurrently. Dosage for 
intravenous administration of nucleic acids is from approximately 106 to 1022 copies of the 
nucleic acid molecule. 

RNA interference (RNAi) is a post-transcriptional process where the double-stranded 
RNA (dsRNA) inhibits gene expression in a sequence specific fashion. The RNAi process 
occurs in at least two steps: in first step, the longer dsRNA is cleaved by an endogenous 
ribonuclease into shorter, less than 100-, 50-, 30-, 23-, or 21-nucleotide-long dsRNAs, termed 
"small interfering RNAs" or siRNAs. In second step, the smaller siRNAs mediate the 
degradation of the target mRNA molecule. This RNAi effect can be achieved by introducing 
either longer dsRNA or shorter siRNA to the target sequence within cells. It is also 
demonstrated that RNAi effect can be achieved by introducing plasmids that generate dsRNA 
complementary to target gene. The RNAi have been sucessfally used in gene function 
determination in Drosophila (Kennerdell et al. (2000) Nature Biotech 18: 896-898; Worby et 
al. (2001) SciSTKE Aug 14, 2001(95):PL1; Schmid et al. (2002) Trends Neurosci 25(2):71- 
74; Hammond et al. (2000). Nature, 404: 293-298), C. elegans (Tabara et al. (1998) Science 
282: 430-431; Kamath et al. (2000) Genome Biology 2: 2.1-2.10; Grishok et al. (2000) 
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Science 287: 2494-2497), and Zebrafish (Kennerdell et al. (2000) Nature Biotech 18: 896- 
898). In those model organisms, it has been reported that both the chemically synthesized 
shorter siRNA or in vitro transcripted longer dsRNA can effectively inhibit target gene 
expression. There are increasing reports on successfully achieved RNAi effects in non- 
human mammalian and human cell cultures (Manche et al. (1992). Mol. Cell. Biol. 12:5238- 
5248; Minks etal. (1979). J. Biol. Cltem. 254:10180-10183; Yang etal. (2001) Mol. Cell. 
Biol. 21(22):7807-7816; Paddisonet al. (2002). Proc. Natl. Acad. Sci. USA 99(3): 1443-1448; 
Elbashir et al. (2001) Genes Dev 15(2): 188-200; Elbashir et al. (2001) Nature 411: 494-498; 
Caplen et al. (2001) Proc. Natl. Acad. Sci. USA 98: 9746-9747; Holen et al. (2002) Nucleic 
Acids Research 30(8):1757-1766; Elbashir et al. (2001) EMBO J 20: 6877-6888; Jarvis et al. 

(2001) TechNotes 8(5): 3-5; Brown et al. (2002) TechNotes 9(1): 3-5; Brummelkamp et al. 

(2002) Science 296:550-553; Lee et al. (2002) Nature Biotechnol. 20:500-505; Miyagishi et 
al. (2002) Nature Biotechnol. 20:497-500; Paddison et al. (2002) Genes & Dev. 16:948-958; 
Paul et al. (2002) Nature Biotechnol. 20:505-508; Sui et al. (2002) Proc. Natl. Acad. Sci. 
USA 99(6):55 15-5520; Yu et al. (2002) Proc. Natl. Acad. Sci. USA 99(9):6047-6052). The 
two siRNA duplexes we have used can effectively silence ICT1024 or EGF-AP expression in 
both cell based assay and xenograft tumor model. However, there are regions of mRNA of 
ICT 1003 or ICT-1024 or ICT 1025 or ICT1031 are useful for siRNA targeted knockdown. 

In another aspect, the invention provides methods for inhibiting cancer or 
precancerous growth in a mammalian tissue, comprising contacting the tissue with an 
inhibitor that interacts with the target ICT 1003 or ICT-1024 or ICT 1025 or ICT103 1 DNA 
or RNA and thereby inhibits the target ICT 1003 or ICT-1024 or ICT 1025 or ICT1031 gene 
expression, wherein the tissue is breast tissue, colon tissue, prostate tissue, skin tissue, bone 
tissue, parotid gland tissue, pancreatic tissue, kidney tissue, uterine cervix tissue, lymph node 
tissue, or ovarian tissue, wherein the inhibitor is an a nucleic acid molecule, a decoy molecule, 
a decoy DNA, a double stranded DNA, a single-stranded DNA, a complexed DNA, an 
encapsulated DNA, a viral DNA, a plasmid DNA a naked RNA, an encapsulated RNA, a 
viral RNA, a double stranded RNA, a molecule capable of blocking the target ICT 1003 or 
ICT-1024 or ICT 1025 or ICT1031 gene expression, or combinations thereof. 

Another aspect of the invention provides methods of administering inhibitors to a 
patient in need thereof, wherein the inhibitor molecule is delivered in the form of a 
monoclonal antibody, a peptide antagonist, a small molecule protease blocker, a naked 
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oligonucleotide or a vector, wherein the nucleic acid interacts with the target ICT 1003 or 
ICT-1024 or ICT 1025 or ICT1031 gene. 

Yet another aspect of the invention provides methods of administering an inhibitor to 
a patient in need thereof, wherein the inhibitor molecule is delivered in the form of a naked 
oligonucleotide or a vector, wherein the nucleic acid interacts with the target ICT 1003 or 
ICT-1024 or ICT 1025 or ICT1031 gene, wherein the nucleic acid is delivered as a vector, 
wherein the vector is a plasmid, cosmid, bacteriophage, or a virus, for example, a retrovirus 
or an adenovirus based vector. 

Still another aspect of the invention provides methods of blocking in vivo expression 
of a gene by administering a vector to a patient in need thereof, wherein the vector containing 
target ICT 1003 or ICT-1024 or ICT 1025 or ICT1031 gene, wherein the nucleic acid 
interacts with the target ICT 1003 or ICT-1024 or ICT 1025 or ICT1031 gene expression, 
wherein the nucleic acid inhibits the target ICT 1003 or ICT-1024 or ICT 1025 or ICT103 1 
gene expression in a mammalian cell, for example, a human cell. 

According to another aspect of the invention, the inhibitor molecules are introduced 
into tissues, including breast tissue, colon tissue, prostate tissue, skin tissue, bone tissue, 
parotid gland tissue, pancreatic tissue, kidney tissue, uterine cervix tissue, lung tissue, lymph 
node tissue, or ovarian tissue. 



Using inhibitors to block protein function 

Antibody inhibitors of ICT 1003 or ICT-1024 or ICT 1025 or ICT103 1 
The present invention provides compositions and methods for treatments or 
diagnostics for diseases which progress by cellular proliferation, such as proliferation or 
metastasis of solid tumors, arthritis in rheumatoid arthritis, diabetic retinopathy, retinopathy 
of prematurity, psoriasis, and the like. 

The inventors of the present invention find that antibodies binding to ICT1024 and 
capable of recognizing an epitope present in a region of the 1st to 590th positions from the N- 
terminal amino acid can specifically react with the human ICT1024 by immunocyte staining, 
and that biological activities can be inhibited by the inhibition of binding. Diagnosis and 
treatment of the above-described diseases in which their morbid states progress by abnormal 
angiogenesis, such as proliferation or metastasis of solid tumors, arthritis in rheumatoid 
arthritis, diabetic retinopathy, prematurity retinopathy and psoriasis, can be carried out by 
using these monoclonal antibodies. 
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Consequently, the present invention provides antibodies which specifically react with 
human ICT1024. With regard to the monoclonal antibody of the present invention, a 
monoclonal antibody is provided that recognizes an epitope which is present in a region of 
the 1st to 590th, for example, between positions 161-190 or 451-480 as measured from the N- 
terminal amino acid. A C-terminal epitope region is between positions 740-855, for example 
positions 826-855. The present invention also provides a monoclonal antibody which inhibits 
binding of human ICT1024 and also inhibits biological activities of ICT1024. 

The inventors of the present invention find that antibodies binding to ICT1025 and 
capable of recognizing an epitope present in a region of the 1st to 300th positions from the N- 
terminal amino acid can specifically react with the human ICT1025 by immunocyte staining, 
and that biological activities can be inhibited by the inhibition of binding. Diagnosis and 
treatment of the above-described diseases in which their morbid states progress by abnormal 
angiogenesis, such as proliferation or metastasis of solid tumors, arthritis in rheumatoid 
arthritis, diabetic retinopathy, prematurity retinopathy and psoriasis, can be carried out by 
using these monoclonal antibodies. 

Consequently, the present invention provides antibodies which specifically react with 
human ICT1025. With regard to the monoclonal antibody of the present invention, a 
monoclonal antibody is provided that recognizes an epitope which is present in a region of 
the 1st to 300th, for example, between positions 161-190 or 251-280 as measured from the N- 
terminal amino acid. A C-terminal epitope region is between positions 700-803, for example 
positions 726-803. The present invention also provides a monoclonal antibody which inhibits 
binding of human ICT1025 and also inhibits biological activities of ICT1025. 

The monoclonal antibody of the present invention may be any antibody, so long as it 
specifically reacts with human ICT 1 003 or ICT-1024 or ICT 1025 or ICT1 03 1 . Examples of 
the monoclonal antibody include an antibody produced by a hybridoma and a recombinant 
antibody produced by a transformant transformed with an expression vector containing the 
antibody gene. For example, those which are established with murine or rabbit hybridomas 
can be prepared. That is, anti-human ICT 1003 or ICT-1024 or ICT 1025 or ICT1031 
monoclonal antibody can be obtained by preparing human ICT 1003 or ICT-1024 or ICT 
1025 or ICT103 1 protein as an antigen, immunizing an animal capable of providing a 
hybridoma with the antigen, such as mouse, rat, hamster, rabbit or the like, thereby inducing 
plasma cells having the antigen specificity, preparing a hybridoma capable of producing the 
monoclonal antibody through fusion of the cells with a myeloma cell line and subsequently 
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culturing the hybridoma. Alternatively, anti-human ICT 1003 or ICT-1024 or ICT 1025 or 
ICT103 1 monoclonal antibody can be obtained by preparing plasmids expressing human ICT 
1003 or ICT-1024 or ICT 1025 or ICT1031 protein, immunizing an animal capable of 
providing a hybridoma with the antigen using DNA vaccination, such as mouse, rat, hamster, 
rabbit or the like, thereby inducing plasma cells having the antigen specificity, preparing a 
hybridoma capable of producing the monoclonal antibody through fusion of the cells with a 
myeloma cell line and subsequently culturing the hybridoma. 

Alternatively, a fully human antibody that binds ICT 1003 or ICT-1024 or ICT 1025 
or ICT1031 protein can be isolated from a human antibody library using phage display 
methods, as described in , for example, in United States Patent, 5,885,793, the contents of 
which are hereby incorporated by reference in their entirety. Human antibodies also can be 
isolated from transgenic xenomice that have been modified to encode a portion of the human 
immunglobulin repertoire, as described for example, in United States Patent 6,075,181, the 
contents of which are hereby incorporated by reference in their entirety. Alternatively, 
camelid-type antibodies that lack light chains may be used, as described, for example, in 
United States Patent 5,800,988 the contents of which are hereby incorporated by reference in 
their entirety. 

The monoclonal antibody which specifically reacts with human ICT 1003 or ICT- 
1024 or ICT 1025 or ICT1031 of the present invention may be a recombinant antibody. 
Examples of the recombinant antibody includes a humanized antibody and an antibody 
fragment. The recombinant antibody of the present invention can be obtained by modifying 
the above-described monoclonal antibody of the present invention using gene recombination 
technique. The recombinant antibody includes antibodies produced by gene recombination, 
such as a humanized antibody and an antibody fragment (e.g., single chain antibody, disulfide 
stabilized antibody). Among these, antibodies which have the characteristics of monoclonal 
antibodies, show low antigenicity and have prolonged half-life in blood are preferred as 
therapeutic agents. The humanized antibody of the present invention includes a human 
chimeric antibody and a human CDR (complementarity-determining region; hereinafter 
referred to as "CDR")-grafted antibody. The antibody fragment of the present invention 
includes a fragment of antigen binding (hereinafter referred to as "Fab"), Fab', F(ab') 2 , a 
single chain antibody (single chain Fv; hereinafter referred to as "scFv"), and a disulfide 
stabilized antibody (disulfide stabilized Fv; hereinafter referred to as "dsFv"), which 
specifically react with ICT1024. The antibody also may be a "diabody" of the type described 



46 



WO 2004/089284 



PCT/US2004/010059 



in U.S. Patent No. 5,837,242, the contents of which are hereby incorporated by reference in 
their entirety 

The antibody which reacts with human ICT 1003 or ICT-1024 or ICT 1025 or 
ICT1031 of the present invention may be a humanized antibody which is selected from a 
human chimeric antibody and a human CDR-grafted antibody. 

The structure of the antibody of the present invention may belong to any 
immunoglobulin (Ig) class, but preferably contains the C region of IgG type immunoglobulin, 
particularly of IgG subclasses, such as IgGl, IgG2, IgG3, and IgG4. 

In addition, the present invention relates to the following methods: 

a method for immunologically detecting human, comprising reacting human 
ICT 1003 or ICT-1024 or ICT 1025 or ICT1031 with the antibody or peptide of the present 
invention; 

a method for immunologically detecting cells in which human ICT 1003 or 
ICT-1024 or ICT 1025 or ICT1031 is expressed on the surface thereof, comprising reacting 
human ICT 1003 or ICT-1024 or ICT 1025 or ICT1031 with the antibody or peptide of the 
present invention; 

a method for inhibiting binding of human ICT 1003 or ICT-1024 or ICT 1025 
or ICT1031, comprising reacting human ICT1024 with the antibody or peptide of the present 
invention; 

a method for inhibiting biological activities of human ICT 1003 or ICT-1024 
or ICT 1025 or ICT1031 with the antibody or peptide of the present invention; 

a method for detecting a disease in which the morbid states progress by 
abnormal cell proliferation, comprising reacting a sample with the antibody or peptide of the 
present invention; and 

a method for preventing or treating a disease, comprising the step of 
administering to human or animal in need of such prevention or treatment an effective 
amount of the antibody or peptide of the present invention. 

In the above method for immunologically detecting human ICT 1003 or ICT-1024 or 
ICT 1025 or ICT1031, the human ICT 1003 or ICT-1024 or ICT 1025 or ICT1031 or a 
fragment of ICT 1003 or ICT-1024 or ICT 1025 or ICT1031 may be soluble. 

In the above method for inhibiting biological activities of human ICT 1003 or ICT- 
1024 or ICT 1025 orICT1031, for example, the activity of human ICT 1003 or ICT-1024 or 
ICT 1025 or ICT1031 is inhibited. 
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In the above method for detecting a disease, for example, the method may comprise (a) 
separating human cell or a crushing solution thereof, tissue or a crushing solution thereof, 
serum, pleural fluid, ascites fluid, or ocular fluid to prepare a sample, (b) reacting the 
separated sample prepared in the step (a) with the monoclonal antibody or peptide of the 
present invention, (c) further reacting the reacted sample prepared in the step (b) with a 
labeled anti-mouse IgG antibody or binding fragment, and (d) measuring or observing the 
labeled sample prepared in the step (c). 

In the above method for preventing or treating a disease, examples of the disease 
include diseases in which the morbid states progress by abnormal cellular proliferation. 

Examples of the diseases in which their morbid states progress by abnormal cellular 
proliferation include proliferation or metastasis of solid tumor, arthritis in chronic rheumatoid 
arthritis, diabetic retinopathy, retinopathy of prematurity, and psoriasis. Examples of the solid 
tumor include breast cancer, prostatic cancer, large bowel cancer, gastric cancer and lung 
cancer. 

The present invention relates to a composition comprising the antibody or peptide of 
the present invention and a diagnostic or pharmaceutical acceptable carrier. 

Patients with tumors characterized as expressing or overexpressing ICT 1003 or ICT- 
1024 or ICT 1025 or ICT 1031 such as tumors are treated by administering ICT 1003 or ICT- 
1024 or ICT 1025 orICT1031 antibodies 

ICT 1003 or ICT-1024 or ICT 1025 or ICT1 031 -specific antibodies will inhibit 
proliferation of cells in culture and in pathological tissues. Different ICT-1024 or ICT1025- 
specific antibodies can be developed and demonstrated to inhibit cell proliferation. For 
example, tumor cells (a heptatocarcinoma cell line, a lung carcinoma cell line, and a breast 
carcinoma cell line) can be seeded in a 96 well plate and incubated with varying 
concentrations of antibody for 48 hours. The cells can be fixed and cell growth monitored 
using a sulforhodamine B dye binding assay. The data indicate a reduction in cell viability 
and proliferation in the presence of ICT 1003 or ICT-1024 or ICT 1025 or ICT 1 03 1 -specific 
antibody compared to in its absence. 

Passive Immunization 

Purified antibody preparations (e.g., a purified monoclonal antibody, an antibody 
fragment, or single chain antibody) is administered to an individual diagnosed with a tumor 
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or at risk of developing a tumor. The antibody preparations are administered using methods 
known in the art of passive immunization, e.g, intravenously or intramuscularly. The 
antibodies used in the methods described herein are formulated in a physiologically- 
acceptable excipient. Such excipients, e.g., physiological saline, are known in the art. 
5 The antibody is preferably a high-affinity antibody, e.g., an IgG-class antibody or 

fragment or single chain thereof. Alternatively, the antibody is an IgM isotype. Antibodies 
are monoclonal, e.g., a murine monoclonal antibody or fragment thereof, or a murine 
monoclonal antibody, which has been humanized. The antibody is a human monoclonal 
antibody. The affinity of a given monoclonal antibody is further increased using known 

1 0 methods, e.g., by selecting for increasingly higher binding capacity (e.g., according to the 
method described in Boder et al., 2000, Proc. Natl Acad. Sci. U.S.A. 97:10701-10705). 
Optionally, the antibody, antibody fragment, or high affinity single chain antibody is 
conjugated to a toxic moiety prior to administration. Toxic moieties suitable for conjugation 
include ricin, Pseudomonas toxin, Diptheria toxin as well as radioisotopes and 

1 5 chemotherapeutic agents known in the art. Such antibody toxins damage or kill a tumor cell 
upon binding to the tumor cell or upon internalization into the cytoplasm of the tumor cell. 

Antibody preparations or antibody-toxin preparations are administered at doses of 
approximately 0.01-2 mL/kg of body weight. Doses are readministered daily, weekly, or 
monthly as necessary to reduce tumor load in a treated individual. 

20 Active vaccination is the process of inducing an animal to respond to an antigen. 

During vaccination, cells, which recognize the antigen (B cells or cytotoxic T cells), are 
clonally expanded. In addition, the population of helper T cells specific for the antigen also 
increase. Vaccination also involves specialized antigen presenting cells, which can process 
the antigen and display it in a form which can stimulate one of the two pathways. Antigen 

25 recognition followed by immune cell expansion and activation leads to the production of 
antigen-specific antibodies and antigen-specific cellular immune responses. Successful 
immunization is indicated by an increase in the level of ICT 1003 or ICT-1024 or ICT 1025 
or ICT1 03 1 -specific antibody titer in serum of an immunized individual compared to the 
level prior to immunization. Preferably, the ICT 1003 or ICT-1024 or ICT 1025 or ICT1031- 

30 specific antibody titer is at least 10%, more preferably at least 50%, more preferably at least 
100%, and most preferably 200% greater than the titer prior to immunization. 

For active immunization, an individual is immunized with an ICT 1003 or ICT-1024 
or ICT 1025 or ICT103 1 polypeptide or a polynucleotide encoding the peptide. For example, 
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a human patient is immunized with full-length ICT 1003 or ICT-1024 or ICT 1025 or 
ICT1031. Standard adjuvant formulations may be simultaneously administered to enhance 
immunogenicity of the immunizing polypeptide. Alternatively, shorter polypeptides, e.g., 
immunogenic fragments of ICT 1003 or ICT-1024 or ICT 1025 or ICT1031, are used. For 
example, a polypeptide contains an extracellular catalytic domain of ICT-1024 (e.g., amino 
acids 1-590 of ICT-1024. Other immunogenic fragments of ICT-1024 include fragments 
within the region of amino acids 1-590. A polypeptide containing the extracellular domain 
of ICT 1025. 

Monoclonal antibody therapy is a passive immunotherapy because the antibodies are 
produced in large quantities outside the body rather than by the immune system of human 
body itself. This type of therapy can be effective even if the immune system is weakened, 
which is a typical case for cancer patients. These treatments do not require the immune 
system to take an "active" role in fighting the cancer. Antibodies are mass-produced by fusing 
a myeloma cell from a mouse with a mouse B cell that makes a specific antibody. The cell 
that results from this fusion is called a hybridoma. The combination of a B cell that can 
recognize a particular antigen and a myeloma cell that lives indefinitely makes the hybridoma 
cell a kind of perpetual antibody-producing factory. Because the antibodies are all identical 
clones produced from a single (mono) hybridoma cell, they are called monoclonal antibodies. 
The monoclonal antibodies that react with specific antigens, e.g. ICT 1003 or ICT-1024 or 
ICT 1025 or ICT1031, on certain types of cancer cells, are able to neutralize the targeted 
protein or block its biological function. As a result, the EGF-AP is deactivated and the EGF 
pathway was shut down and tumor growth is inhibited. 

Antibody therapy can be applied in following way: A. Naked Monoclonal Antibodies, 
the antibodies attach themselves to specific antigens on cancer cells. B. Conjugated 
monoclonal antibodies are joined to drugs, toxins, or radioactive atoms, and used as delivery 
vehicles to take those substances directly to the cancer cells. The MAb acts as a homing 
device, circulating in the body until it is attracted by, and attaches itself to, a cancer cell with 
a matching antigen. It delivers the toxic substance to where it is needed most, minimizing 
damage to normal cells in other parts of the body. But conjugated antibodies still generally 
cause more side effects than do naked antibodies. C. hnmunotoxins are made by attaching 
toxins (poisonous substances from plants or bacteria) to monoclonal antibodies. Various 
hnmunotoxins have been made by attaching monoclonal antibodies to bacterial toxins such as 
diphtherial toxin (DT) or pseudomonal exotoxin (PE40), or to plant toxins such as ricin A or 
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saporin. D. Until recently, the effectiveness of MAb therapies was limited by the fact that the 
antibodies were produced by mouse hybridoma cells. In some cases, these antibodies worked 
well at first. But after a while, the patient's immune system would recognize the mouse 
antibodies as "foreign" and would destroy them. For this reason, the humanized Mab was 
generated by combining the part of the mouse antibody gene responsible for recognizing a 
specific tumor antigen with other parts from a human antibody gene. The product of this 
mouse-human antibody gene, looks enough like a normal human antibody to avoid being 
destroyed by the patient's own immune system. This helps the antibody to be effective for 
longer periods. All the above stated approaches are useful for ICT1024 or EGF-AP based 
antibody therapy. Other approaches, like intrabody, single chain antibody and DNA vaccine 
can also be used to generate antibody agents for research, diagnosis and therapeutic 
applications. 

In the present invention, two different embodiments for antibody inhibitors according 
to the transmembrane topology of ICT1024: N-terminal is located outside of cell, vs. N- 
terminal is located inside of cell. When the N-terminal is located outside the cell, a large 
fragment from 1st to 409th AA is preferred to be the antigen for antibody generation, either 
using the entire 409 AA peptides or different portion within this fragment. There are several 
sequences may serve as good antigens due to their ligation strength to a defined HLA type: 
GLSAPHTPV (174TH) (SEQ ID NO.; 43), GMQKIIDPL (151TH)(SEQ ID NO: 44), 
KMSFRAAAA (213)(SEQ ID NO:45) and LTAEEPSFL (30) (SEQ ID NO:46). Design the 
antigen peptides containing those sequence will increase the binding activity of the induced 
antibodies. Only several short peptide fragments will be outside of the cell in this scenario, 
which may not be strong antigen for generation of antibodies to bind to ICT1024. When the 
N-terminal is located inside of cell, another long fragment of the ICT1024 protein, from 
433th to 660th AA, is presumably located outside the cell. In this case, the fragment provides 
a good antigen as whole, or multiple antigens selected within the region. There are several 
strong HLA binding motifs in the region: SQHETVDSV (433TH) (SEQ ID NO:47), 
GVYENVKYV (446TH)(SEQ ID NO: 48), YVQQENFWI (453TH) (SEQ ID NO:49), and 
LLPFLNPEV (641TH) (SEQ ID NO:50). 

There is one scenario that the C-Terminal domain is located outside of cell. The short 
fragment from 823 to 855 AA can also serve as a peptide antigen either with the entire 
sequence or partial of the sequence. 



51 



WO 2004/089284 



PCT/US2004/010059 



Three 30 AA peptides were selected as the examples for generations of polyclonal 
and monoclonal antibodies: 

N'-RGRAFRVADDTAEGLSAPHTPVTPGAASLC-C (161-1 90th)(SEQ ID 

NO:51); 

N'-VKYVQQENFWIGPSSEALmLGAKFSPCMR-C (451-480th) (SEQ ID 

NO: 52); 

N'-PVRCEWCEFLTCIPFTDKFCEKYELDAQLH-C' (826-855th) (SEQ ID 

NO:53). 

The similar peptide sequences can also be selected as potential peptide antigens with 
size from 14 AA to more than 100 AA. 

In the present invention, two different embodiments for antibody inhibitors according 
to the transmembrane topology of ICT1025: N-terminal is located outside of cell, vs. N- 
terminal is located inside of cell. When the N-terminal is located outside the cell, a large 
fragment from 1st to 300th AA is preferred to be the antigen for antibody generation, either 
using the entire 300 AA peptides or different portion within this fragment. There are several 
sequences may serve as good antigens due to their ligation strength to a defined HLA type: 
ALWVLGLCC (3TH) (SEQ ID NO:76), VLGLCCVLL (6TH)(SEQ ID NO:77), 
LLHVTDTGV (144TH )(SEQ ID NO:78) and SELIGQFGV (189TH )(SEQ ID NO:79). 
Design the antigen peptides containing those sequence will increase the binding activity of 
the induced antibodies. Only several short peptide fragments will be outside of the cell in 
this scenario, which may not be strong antigen for generation of antibodies to bind to 
ICT1025. There is one scenario that the C-Terminal domain is located outside of cell. The 
short fragment from 823 to 855 AA can also serve as a peptide antigen either with the entire 
sequence or partial of the sequence. 

Three 30 AA peptides were selected as the examples for generations of polyclonal 
and monoclonal antibodies: 

N'-ADDEVDVDGTVEEDLGKSREGSRTDDEWQ-C' (21 -50th) (SEQ ID 

No: 80); 

N'-SAFLVADKVWTSKHNNDTQHTWESDSNEF-C' (201-230th) (SEQ ID 

No: 81); 

N'-SEKTKESREAVEKEFEPLLNWMKDKALKDK-C (701 -730th) (SEQ 

ID No: 82). 
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The similar peptide sequences can also be selected as potential peptide antigens with 
size from 14 AA to more than 100 AA. 

According to another aspect of the invention, the inhibitor molecules are introduced 
into tissues, including breast tissue, colon tissue, prostate tissue, skin tissue, bone tissue, 
parotid gland tissue, pancreatic tissue, kidney tissue, uterine cervix tissue, lung tissue, lymph 
node tissue, or ovarian tissue. 

Inhibitory protease inhibitors. 

Peptide antagonists, small molecule protease inhibitors and other types of ICT1024 
inhibitors are also provided to block or inhibit ICT1024 activity. 

The following examples are offered to illustrate embodiments of the present invention, 
but should not be viewed as limiting the scope of the invention. 

EXAMPLES: 

Example 1 . Gene Delivery Method for Target Validation: 

Efficacy-First Discovery™ method is initiated with a known gene that acts as a key 
player in a defined disease pathway (for example, angiogenesis) and a well-defined disease 
model (for example, human tumor xenografted in nude mice). An effective gene delivery 
tool is crucial, that is, one with strong expression but, equally or more importantly, with little 
background activity from the delivery tool itself. A non-viral and polymer based delivery 
system can provide both strong delivery and low background for solid tumors. The 
pathological, pharmaceutical and histological readouts following the treatment are analyzed 
in comparison with gene expression and protein profiles. Based on both bioinformatics 
analysis and biological analysis, the genes and proteins significantly up or down regulated in 
the defined pathway can be carefully selected and further analyzed by the same iterative in 
vivo validation process. The process started with effective gene delivery into the tumor 
tissue. The affected tumors were first evaluated by growth rate, histological changes, and 
then harvested for expression profile analysis with Affymetrix Chips. The highly up- or 
down-regulated targets were identified for Disease-Control validation. Novel targets were 
validated in vivo. 

The targets identified by Efficacy-First Discovery™ method are different from those 
identified using a conventional approach. The advantage of Efficacy-First Discovery™ 
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method is that the targets selected by the method is associated with disease efficacy and not 
simply with a disease state (see Figure 1). The expression changes of the targets are due to 
perturbation of delivered genes and disease process dynamic. They are better fit for drug 
discovery. 

Example 2. Tumor Perturbation w ith Known Factors 

The human breast cancer carcinoma cell induced xenograft tumors were perturbed 
with genes that are known to affect tumor growth, and forced to grow faster and slower. The 
xenograft tumor model was induced with MDA-MB-435 cell on Ncr nu/nu mice. This 
demonstration was performed using the proprietary polymer mediated IL-2 and bFGF 
deliveries, based on our previous data and that bFGF is a well-known drug target enhancing 
tumor growth, and IL-2, which is not only a target but an approved cancer inhibition drug. 
Four tumor samples treated with IL-2, 4 tumor samples treated with bFGF, and 2 samples 
treated with Luc as control were collected and processed. When tumor reached 50 mm 3 in 
size, pCI-IL-2 and pCI-bFGF were directly delivered intratumorally with pCI-Luc as a 
control. Tumor tissues (10 in total) were harvested at different time points and RNA 
samples were isolated by RNAsol, quantified and gel verified for their integrities. Data show 
tumor growth inhibition by IL-2 and enhancement by bFGF. 

Example 3. Expressi on Analysis with Affymetrix Chip. 

The total RNA samples from tumor tissues were subjected to expression analysis 
using Affymetrix GeneChip U133 A. The pictures show the original array images. The 
treated samples were compared with the control samples and initial analytical data were 
further analyzed with bioinformatics effort. According to me tumor growth rate and efficacy 
data, combined with the bioinformatics data and literature search, we used at least two folds 
as a benchmark for significant regulated targets. The signals must be higher than 200. 

Example 4. Novel Targets Identified. 

According to the perturbation effects on the tumor growth, bioinformatics analysis 
and literature search, only small percentage of gene targets were selected based on their 
expression profile changes. For example, 156 targets were selected based on about 23,000 
pairs of comparisons from Affymetrix U133 A chip. The tumor tissue was harvested 24 
hours after the second injection of EL-2 expressing vector. Among 156 selected targets, 1 1 1 
of them were known based on UniGene database annotations, versus 45 were unknown novel 
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targets. Within the known targets, 87% are tumor related. If the same ratio holds the truth, 
we expect more then 35 targets are novel tumor targets. In addition, the hits also belong to 
several tumorigenesis pathways. 

Many of these selected targets are well known and some of them are at different 
stages of clinical development (see Table 1). The long list of unknown targets (no 
annotation in UniGene Database) holds great potential as novel tumor targets. For further 
validation in xenograft tumor models, more than 200 targets were selected from both IL-2 
and bFGF treated samples (see Table 2). The strategy for the validation is screening those 
targets with established procedure followed by more comprehensive study of each of the 
positive hits. 

Among 156 selected targets (see Table 1), many of them are well characterized and at 
different stages of clinical studies. These examples indicate that the targets selected either 
known or unknown are having great potentials. 

Based on expression analyses of 8 tissue samples treated by both IL-2 and bFGF, we 
selected highly up-or down- regulated targets. About 2/3 of the targets are known and 1/3 
are novel according to UniGene database annotations. Selected targets, either known or 
novel, were subjected to the Disease-Control Validation. 

Example 5. Target Validation Process. 

Recently disclosed new technology platform, using RNAi mediated in vivo gene 
silencing for validating drug targets controlling tumor disease (see U. S. provisional 
application serial no. 60/401,029), was used. This invention further validates the technology 
platform by performing a complete set of experiments studying payloads and delivery 
methods on tumor-bearing mouse models. 

1) Target Validation: Tumor Correlation or Control 

Of the many levels of drug target validation, the ultimate is demonstration that a 
candidate target actually controls the disease. Disease controlling targets are the high value 
targets that justify drug discovery. The goal of drug development is products that selectively 
target key pathways and the key controlling elements of those pathways in order to provide 
effective therapeutic control of the disease. Validation of such key pathways and elements 
requires demonstration that addition or subtraction of individual candidate targets controls the 
disease, i.e. results in a clear increase or decrease of pathology. In vitro cell-based strategies 
have provided useful information in helping identify and select potential targets. However, 
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the ability of targets to control in vitro cell models associated with disease frequently is not 
sufficient to prove the target actually controls the disease process, i.e. the complex 
interactions of multiple cell types that result in disease pathology. Definitive demonstration 
of disease control by targets can only be obtained by studies of those targets in a true disease 
5 model. 

The process of target discovery has been greatly accelerated by genomic methods but 
validation remains a bottleneck. First-generation genomic methods have generated large 
pools of candidate targets piled up at the validation step. Many approaches are currently 
being used to study the function of these gene targets and to validate their role in a disease 

10 process. Many of these approaches, although having the benefit of being efficient and high 
throughput, often succeed only at establishing a correlation or association with disease 
processes rather than determining a controlling role. Newer gene knockdown and forward or 
inverse genomic approaches have proven useful but these identify genes whose inhibition or 
mutation may have a disease role, missing potential valuable information from a gene's over- 

15 expression. Furthermore, they also employ primarily in vitro cell-based phenotypes, which 
do not reflect the complex multi-cellular mechanisms of most diseases, such as tumor 
angiogenesis, and hence run the risk of missing important targets in adjacent cellular 
pathways or provide disease associations which are incomplete without the full biological 
context. 

20 2) Rapid Definitive Target Validation 

We have recently disclosed two technology platforms for validating cancer-related 
drug targets that addresses many of these limitations and has a valuable complementary role 
in the target validation process. Both unique and proprietary Target Discrimination Methods 
validate targets directly in animal tumor models by over-expressing transgene(s) or silencing 

25 endogenous gene(s) in tumor tissue. The methods reduce the need for the costly and slow 
steps of definitive validation, such as gene cloning and sequencing, generation of proteins 
and antibodies or transgenic animals. The combination of these two methods vastly 
accelerates the process, and most importantly rapidly eliminates weaker targets. Moreover, 
results obtained by the methods provide clear and definitive evidence that targets actually 

30 control the disease, the key validation needed to proceed to the costly steps of drug discovery. 
The methods can be used to complete the validation of any candidate targets such as those 
generated from cell culture, model organisms, transgenic animals, etc. 
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3) Target Discovery: Capturing Ta rgets Missed i n Preliminar y Validation 
Another critical consideration is that, unfortunately, many high value disease- 
controlling targets may be lost when in vitro or disease-association methods are employed as 
the first "filter" in target discovery and validation. Many disease-controller targets may only 
be found in the context of the entire disease model. For example, targets controlling 
angiogenesis of tumors will only be found at the conjunction of tumors and blood vessels. In 
the case of tumors, certain valuable targets may only be discovered by studying the in vivo 
biological system containing assembly of tumor and surrounding tissues. 

4) High throughp ut Target Discovery Solutions 

We have also disclosed a method for discovering disease controller targets. The 
method is to scale-up the basic approach so that it can be applied to screen larger sets of gene 
targets in a higher throughput operation. By scaling the method to processing 1000 candidate 
genes in animal tumor models each quarter with our in vivo gene delivery technology, this 
approach can provide the opportunity to skip or shorten, in many cases, preliminary 
functional validation methods. 

5) Tumor Target Elimination 

The disclosed technologies also permit candidate targets to be rapidly tested for their 
capacity in controlling rumor growth. Those candidates showing only weak or negligible 
control of tumor growth can be eliminated from consideration in favor of those that have a 
strong effect on tumor growth. These Tumor Target Discrimination Methods rapidly 
discriminates targets into three categories: those enhancing tumor growth, those with little 
effect on tumor growth, and those inhibiting tumor growth. 

Example 6. Novel Targets Validated 

Both known and unknown targets (see example 4) were selected for Disease-Control 
Validation in the tumor models. Based on proprietary nucleic acid delivery technologies, two 
different platforms are established for understanding disease-control property of each target, 
by either knockdown or over-express the expression. Using a highly efficient method for 
siRNA delivery in vivo, several groups of targets have been validated. The novel 
tumorigenesis related targets are identified and validated (see Table 3). On the other hand, 
we also applied over-expression approach to validate a group of known angiogenesis related 
gene targets in the same xenograft tumor model with a proprietary delivery. IL-12 were 
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clearly re-validated based on their roles in tumor growth inhibition. The same approach is 
currently used for novel target validation also. 

Table 3. siRNA-mediated validation of several groups of targets. 

Two siRNA targets were selected for each gene and verified by BLAST, and 
synthesized by Dharmacon (Lafyette, CO). A 10 ng of specific siRNA for each gene was 
repeatedly delivered intratumorally into MDA-MB-435 xenograft model. Tumor sizes were 
measured with N = 8 or N=10. A. Group I targets were validated using xenografted tumor 
model. Human VEGF and mouse VEGFR2 were used as the positive controls. Three targets 
were validated among the Group I targets (see Table 3, Group I). B. Group II targets were 
also validated with the same type assay. Two targets were validated among the Group H (see 
Table 3, Group H). 

The Group HI validation included some of previously validated targets and some 
novel targets. One novel target was validated in the Group B3. 

When the following targets, ICT1024, ICT1025, ICT1031, ICT1030, and ICT1003, 
were down regulated by two duplexes of specific siRNA molecules, the tumor growth rates 
changed. Among them, ICT1030, milk fat globule-EGF factor 8 protein or breast epithelial 
BA46 antigen, GeneBank Accession Nos.: NM_005928, BC003610 and their splicing 
derivatives, behaved more like a tumor suppressor target, or a protein therapy and gene 
therapy target. Since the siRNA-mediated knockdown resulted tumor growth acceleration 
rather than inhibition. Other targets: ICT1031 (GeneBank no.: AK090698, Tumor Necrosis 
Factor ligand super family member 13, or TNF related proliferation inducing ligand and then- 
splicing variants, see Figure 3), and ICT1003 (GeneBank no.: AK000847, human novel zinc 
finger protein 236 or its splicing variants), are all up regulated in fast growing tumor, and 
have demonstrated as the suitable targets for antibody, small molecules, antisense, siRNA 
and other antagonist agents. 

Among the selected targets tested with siRNA knockdown in vivo, 4 targets (ICT1024, 
ICT1025, ICT1030 and ICT103 1) were validated with n=8 and n=10 (8 and 10 tumors per 
cohort, respectively) (see Figures 3-6). Two proteins are cell surface factors with totally 
opposite effects. ICT1030 knockdown by specific siRNA resulted in tumor grow 
enhancement, versus ICT103 1 knockdown triggered tumor growth inhibition. Therefore, the 
former may be protein or gene therapy drug and the later can be an antibody or a small 
molecular drug target. 
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One of the selected targets, ICT1003, was tested with siRNA knockdown in vivo (8 
tumors per cohort). The target ICT1003 is a novel zinc finger protein and may represent a 
transcription factor. ICT1003 knockdown by specific siRNA resulted in tumor growth 
inhibition (see Figure 4). Therefore, the protein can be a siRNA drug target or a small 
5 molecular drug target. 

Example 7: Small Interfering RNA fsiRNAV 

Sense and antisense siRNAs duplexes are made based upon targeted region of a DNA 
sequence for targets ICT1024, ICT1025, ICT1030, ICT1031, or ICT1003, as disclosed herein 
(see, for example, SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID 

10 NO: 8, or a fragment thereof), are typically less than 100 base pairs ("bps") in length and 

constituency and preferably are about 30 bps or shorter, and are made by approaches known 
in the art, including the use of complementary DNA strands or synthetic approaches. SiRNA 
derivatives employing polynucleic acid modification techniques, such as peptide nucleic 
acids, also can be employed according to the invention. The siRNAs are capable of causing 

1 5 interference and can cause post-transcriptional silencing of specific genes in cells, for 

example, mammalian cells (including human cells) and in the body, for example, mammalian 
bodies (including humans). Exemplary siRNAs according to the invention have up to 29 bps, 
25 bps, 22 bps, 21 bps, 20 bps, 15 bps, 10 bps, 5 bps or any integer thereabout or 
therebetween. 

20 A targeted region is selected from the DNA sequence (for example, SEQ ID NO: 1, 

SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, or a fragment thereof). Various 
strategies are followed in selecting target regions and designing siRNA oligos, for example, 
5 ! or V UTRs and regions nearby the start codon should be avoided, as these may be richer in 
regulatory protein binding sites. Designed sequences preferably include AA-(N21 or less 

25 nucleotides)-TT and with about 30% to 70% G/C-content. If no suitable sequences are found, 
the fragment size is extended to sequences AA(N29 nucleotides). The sequence of the sense 
siRNA corresponds to, for example, (N21 nucleotides)-TT or N29 nucleotides, respectively. 
In the latter case, the 3* end of the sense siRNA is converted to TT. The rationale for this 
sequence conversion is to generate a symmetric duplex with respect to the sequence 

30 composition of the sense and antisense 3 f overhangs. It is believed that symmetric 3' 

overhangs help to ensure that the small interfering ribonucleoprotein particles (siRNPs) are 
formed with approximately equal ratios of sense and antisense target RNA-cleaving siRNPs 
(Elbashir et al. Genes & Dev. 15: 188-200, 2001). 
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ICT1024 siRNA: Sense or antisense siRNAs are designed based upon targeted 
regions of a DNA sequence, as disclosed herein (see SEQ ID NO:3), and include fragments 
having up to 29 bps, 25 bps, 22 bps, 21 bps, 20 bps, 15 bps, 10 bps, 5 bps or any integer 
thereabout or therebetween. For example, 21 bps siRNA targeting the sense strand ofmRNA 
5 include: 

5 '-AAGCTGGACATTCCCTCTGCG-3 * (SEQ IDNO:21) and 
5'- AAGAGCCCAGCTTCCTGCAGC-3* (SEQ ID NO:22). 
ICT1025 siRNA: Sense or antisense siRNAs are designed based upon targeted 
regions of a DNA sequence, as disclosed herein (see SEQ ID NO:3), and include fragments 
10 having up to 29 bps, 25 bps, 22 bps, 21 bps, 20 bps, 15 bps, 10 bps, 5 bps or any integer 

thereabout or therebetween. For example, 21 bps siRNA targeting the sense strand ofmRNA 
include: 

5'- AACTGTTGAGGAGCCCATGGA-3 ' (SEQ ID NO:23)and 
5'- AATCTGATGATG AAGCTGC AG-3 ' . (SEQ ID NO:24) 
1 5 ICT1030 siRNA: Sense or antisense siRNAs are designed based upon targeted 

regions of a DNA sequence, as disclosed herein (see SEQ ED NO:3), and include fragments 
having up to 29 bps, 25 bps, 22 bps, 21 bps, 20 bps, 15 bps, 10 bps, 5 bps or any integer 
thereabout or therebetween. For example, 21 bps siRNA include: 

Targeted region (base position numbers 88-108, (SEQ ID NO:9) 5 ! - 
20 aacccctgccacaacggtggt-3 ? , and the corresponding sense siRNA (SEQ ID NO: 10), 5'- 
aaccccUgccacaacggUggU-3 1 ; 

Targeted region (base position numbers 190-210, SEQ ID NO: 11) 5'- 
aaccactgtgagacgaaatgt-3 f , and the corresponding sense siRNA (SEQ ID NO: 12) 5- 
aaccacUgUgagacgaaaUgU-3'; and continuing in this progression to the end of ICTE1030 
25 coding sequence, as set forth herein. 

A set of siRNAs/shRNAs are designed based on ICT1030-coding sequence (SEQ ID 

NO:3). 

ICT1031 siRNA: Sense or antisense siRNAs are designed based upon targeted 
regions of a DNA sequence, as disclosed herein (see SEQ ID NO:4), and include fragments 
30 having up to 29 bps, 25 bps, 22 bps, 21 bps, 20 bps, 15 bps, 10 bps, 5 bps or any integer 
thereabout or therebetween. For example, 21 bps siRNA include: 

Targeted region (base position numbers 90-1 10, (SEQ ID NO: 13) 
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S'-aactgccccagcgatctctgc-S', and the corresponding sense siRNA (SEQ ID NO: 14), 5'- 
aacUgccccagcgaUcUcUgc-S'; 

Targeted region (base position numbers 330-310, (SEQ ID NO:15) 

S'-aacctaattctcctgaggctg-S', and the corresponding sense siRNA (SEQ ID NO: 16) 5'- 
aaccUaaUUcUccUgaggcUg-3'; and continuing in this progression to the end of ICTB1031 
coding sequence, as set forth herein. 

A set of siRNAs/shRNAs are designed based on ICT1 031 -coding sequence (SEQ ID 

NO:4). 

ICT1003 siRNA: Sense or antisense siRNAs are designed based upon targeted 
regions of a DNA sequence, as disclosed herein (see SEQ ID NO:6), and include fragments 
having up to 29 bps, 25 bps, 22 bps, 21 bps, 20 bps, 15 bps, 10 bps, 5 bps or any integer 
thereabout or therebetween. For example, 21 bps siRNA include: 

Targeted region (base position numbers 345-365, (SEQ ID NO: 17) 5 f - 
aatgcggagaacactaattat-3 1 , and the corresponding sense siRNA (SEQ ID NO: 1 8), 5'- 
aaUgcggagaacacUaaUUaU-3'; 

Targeted region (base position numbers 462-482, (SEQ ID NO: 19) 5'- 
aatgacaagccacatcgatgt-3', and the corresponding sense siRNA (SEQ ID NO:20) 5'- 
aatgacaagccacatcgatgt-3'; and continuing in this progression to the end of ICTB1003 coding 
sequence, as set forth herein. 

A set of siRNAs/shRNAs are designed based on ICTB1003-coding sequence (see 
SEQIDNO:6). 

Experimental Details f or Development of ICT1024 Antibodies 
Generation of expressi on vectors for ICT1024 protein or p eptide 

1 . 1 Plasmid DNA based mammalian gene expression vectors consist of a 
eukaryotic gene promoter or a viral gene promoter, a multiple cloning site sequence, and a 
polyA signal sequence. The promoters include, but not limit to, CMV promoter, RSV 
promoter, SV40 promoter, EF promoter, E2F promoter, and El gene promoter of adenovirus. 
The polyA sequences include, but not limit to, bGH polyA, SV40 polyA, and synthetic polyA. 

1 .2 Viral vector based mammalian gene expression vectors include, but not limit 
to, retroviral vectors, adenoviral vectors, and baculoviral vectors. 

1 .3 Bacterial expression vectors include, but not limit to, pQE-based vectors, 
pGEX-based vectors, and pETBlue vector. 
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1 .4 Yeast expression vectors include but not limit to, pESC vectors, p42K-TEF, 
and pFastBac. 

1 . 5 Cytoplasmic expression vectors utilizing prokaryotic promoters that include, 
but not limit to, T7 promoter, sp6 promoter. 

5 Example 8 Cloning of I CT1024 full-length cDNA into pCI vector for mammalian cell 

expression and DNA vaccination 

The full-length cDNA of ICT1024 (855 aa) was generated by PCR amplification 
using a cDNA clone purchased from ATCC (MGC: 20194) as template. Since the full-length 
of ICT1024 cDNA is 2568 bp, to reduce the mutation may occur during the PCR reaction, 
10 two pairs of primers were designed to generate two shorter DNA fragments that can be 
ligated together to generate full-length ICT1 024 cDNA. 

Primer 1: 1024EcoUp2 (28-mer, corresponds toll 1-128 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ ID NO: 54) 

5'— C AGG AAT TCC ATG AGT GAG GCC CGC AGG— 3' 
15 Primer 2: 1024MidDn (26-mer, corresponds to 1770-1745 nt of ICT1024 gene, 

GenBank Accession Number: BC014425)(SEQ ID NO:55) 

5'— CC CTG GGA TCC TGG TGG CAG ACA GAG— 3' 

Primer 3: 1024SalDn (29-mer, corresponds to 2678-2661 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ ID NO: 56) 
20 5'— CC GGC GTC GAC TCA GTG GAG CTG AGC GTC— 3' 

Primer 4: 1024MidUp (26-mer, corresponds to 1755-1780 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ ID NO:57) 

5'— CA CCA GGA TCC CAG GGT GTG TGA TGA— 3' 

PCR reaction using Primer 1/ Primer 2 and MGC 20194 template generated a 1679 bp 
25 DNA fragment that contains the 1 1 1 to 1770 nt of the ICT1024. PCR reaction using Primer 
3/ Primer 4 and MGC 20194 template generated a 928 bp DNA fragment that contains the 
1755 to 2678 nt of the ICT1024. After purification of the PCR products, the 1679 bp DNA 
fragment was digested with EcoRI and BamHI, the 928 bp fragment was digested with 
BamHI and Sal I, then cloned into pCI vector cleaved with EcoRI and Sal I through a three- 
30 fragment legation reaction. The final product, pCI-ICTl 024 plasmid DNA, was identified 
and its sequence was confirmed by DNA sequencing. 

See Fig. 17. for restriction map of pCI-ICT1024 expression plasmid. See Fig. 25 for 
sequence of ICT1024 protein coding region 1670-3637 (SEQ ID NO 58). 
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Example 9. Cloning of the cDNA fragment coding the N terminus peptide (553 aal of 
ICT1024 into pCI vector for mammalian cell expression and DNA vaccination 

The cDNA coding for the N terminus 553aa of ICT1024 was generated by a PCR 
amplification using a MGC20194 DNA as template. One pair of primers was used to generate 
the 1679 bp cDNA fragment containing a EcoRI site at its 5' and a Sal I site at its 3' end. 
Also, a TGA termination codon was integrated into the end of coding region to ensure correct 
stop of translation. 

Primer 1: 1024EcoUp2 (28-mer, corresponds toll 1-128 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ ID NO:54) 

5'— C AGG AAT TCC ATG AGT GAG GCC CGC AGG — 3' 

Primer 5: 1024MDnSal (29-mer, with SaU site+TGA+1 769-1 755 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ ID NO: 59) 
5'— CC CTG GTCGAC TCA cct ggg ate ctg gtg— 3' 

PCR reaction using Primer 1/ Primer 5 and MGC 20194 template generated a 1679 bp 
DNA fragment that contains the 1 1 1 to 1769 nt of the ICT1024. After purification of the 
PCR products, the 1679 bp DNA fragment was digested with EcoRI and Sal I, and then 
cloned into pCI vector cleaved with EcoRI and Sal I. The final product, pCI-ICTl 024N 
plasmid DNA, was identified and its sequence was confirmed by DNA sequencing. 

See Fig. 18 for the restriction map of pCI-ICT1024N plasmid. See Fig. 26 for the 
sequence of ICT1024 N Terminus 553 amino acid coding region nt. 1070-2731 (SEQ ID NO: 
60) 

Example 10. Cloning of ICT1024 full-length cDNA into pGEX-5X-3 vector for protein 
expression in E.coli host 

The full-length cDNA of ICT1024 (855 aa) was generated by PCR amplification 
using a cDNA clone purchased from ATCC (MGC: 20194) as template. Since the full-length 
of ICT1024 cDNA is 2568 bp, to reduce the mutation may occur during the PCR reaction, 
two pairs of primers were designed to generate two shorter DNA fragments that can be 
ligated together to generate full-length ICT1024 cDNA. 

Primer 1: 1024EcoUp2 (28-mer, corresponds tol 1 1-128 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ ID NO:54) 

5'-~C AGG AAT TCC ATG AGT GAG GCC CGC AGG — 3' 

Primer 2: 1024MidDn (26-mer, corresponds to 1770-1745 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ ID NO:55) 
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5'— CC CTG GGA TCC TGG TGG CAG ACA GAG---3' 

Primer 3: 1024SalDn (29-mer, corresponds to 2678-2661 nt of ICT1024 gene, 

GenBank Accession Number: BC014425) (SEQ ID NO:56) 

5'— CC GGC GTC GAC TCA GTG GAG CTG AGC GTC— 3' 

Primer 4: 1024MidUp (26-mer, corresponds to 1755-1780 nt of ICT1024 gene, 

GenBank Accession Number: BC014425) (SEQ ID NO:57) 

5'— CA CCA GGA TCC CAG GGT GTG TGA TGA — 3 ' 

PCR reaction using Primer 1/ Primer 2 and MGC 20194 template generated a 1679 bp 
DNA fragment that contains the 1 1 1 to 1770 nt of the ICT1024. PCR reaction using Primer 
3/ Primer 4 and MGC 20194 template generated a 928 bp DNA fragment that contains the 
1755 to 2678 nt of the ICT1024. After purification of the PCR products, the 1679 bp DNA 
fragment was digested with EcoRI and BamHI, the 928 bp fragment was digested with 
BamHI and Sal I, then cloned into pGEX-5X-3 vector (Amersham) cleaved with EcoRI and 
Sal I through a three-fragment legation reaction. The pGEX-5X-3 is a bacterial expression 
vector utilizes the bacterial tac promoter to drive the expression of a GST domain (27 Kd) 
fusion protein. The final product, pGEX-5X-3-ICT1024 plasmid DNA, was identified and its 
sequence was confirmed by DNA sequencing. 

See Fig. 27 for confirmed sequence of pGEX-5X-3-ICT1024 (SEQ ID NO:61) 

Example 1 1 . Cloning of the cDNA fragment coding the N terminus peptide (553 aa) 
of ICT1024 into pGEX-5X-3 vector for protein expression in E.coli 

The cDNA coding for the N terminus 553aa of ICT1024 was generated by a PCR 
amplification using a MGC20194 DNA as template. One pair of primers was used to generate 
the 1679 bp cDNA fragment containing a EcoRI site at its 5' and a Sal I site at its 3' end. 
Also, a TGA termination codon was integrated into the end of coding region to ensure correct 
stop of translation. 

Primer 1 : 1024EcoUp2 (28-mer, corresponds tol 1 1-128 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ ID NO:54) 

5'— C AGG AAT TCC ATG AGT GAG GCC CGC AGG— 3' 

Primer 5: 1024MDnSal (29-mer, with Sail site+TGA+1 769-1 755 nt of ICT1024 gene, 
GenBank Accession Number: BC014425 ) (SEQ ID NO:59) 
5'— CC CTG GTCGAC TCA cct ggg ate ctg gtg—3' 

PCR reaction using Primer 1/ Primer 5 and MGC 20194 template generated a 1679 bp 
DNA fragment that contains the 111 to 1769 nt of the ICT1024. After purification of the 
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PCR products, the 1679 bp DNA fragment was digested with EcoRI and Sal I, and then 
cloned into pGEX-5X-3 vector cleaved with EcoRI and Sal I. The final product, pGEX-5X-3- 
ICT1024N plasmid DNA, was identified and its sequence was confirmed by DNA 
sequencing. 

5 See Fig. 14 for restriction map of pGEX-5X-3-1024N. See Fig. 28 for sequence 

(SEQIDNO:62) 

Example 12. C loning of the cDNA fragment coding the C terminus peptide (372 aa^ of 
ICT1024 into pGEX-5X-3 vector for protein expression in E.coli 

The cDNA coding for the Oterminal 372 aa of ICT1024 was generated by a PCR 
1 0 amplification using a MGC201 94 DNA as template. One pair of primers was used to generate 
the 1 141 bp cDNA fragment containing a EcoRI site at its 5' and a Sal I site at its 3' end. 

Primer 6: 1024midEcoUp (30-mer, with EcoRI site 1560-1577 nt of ICT1024 gene, 
GenBank Accession Number: BCO 14425) (SEQ IDNO:63) 

5'— CCC AGG AAT TCC CAG GTG CAC AGC TTC ATT— 3' 
15 Primer 3: 1024SalDn (29-mer, corresponds to 2678-2661 nt of ICT1024 gene, 

GenBank Accession Number: BC014425) (SEQ IDNO:56) 

5'— CC GGC GTC GAC TCA GTG GAG CTG AGC GTC — 3' 

PCR reaction using Primer 61 Primer 3 and MGC 20194 template generated a 1 141 bp 
DNA fragment that contains the 1 560 to 2678 nt of the ICT1 024. After purification of the 
20 PCR products, the 1 141 bp DNA fragment was digested with EcoRI and Sal I, and then 

cloned into pGEX-5X-3 vector cleaved with EcoRI and Sal I. The final product, pGEX-5X-3- 
ICT1024C plasmid DNA, was identified and its sequence was confirmed by DNA 
sequencing. 

See Fig. 15 for confirmed sequence of pGEX-5X-3-ICT1024C. See Fig. 27 for the 
25 sequence ((SEQ ID NO:64) 

Example 1 3 . Clo ning of ICT1024 full-length cDNA into pETBlue-2 vector for protein 
expression in E.coli host 

The full-length cDNA of ICT1024 (855 aa) was generated by PCR amplification 
using a cDNA clone purchased from ATCC (MGC: 20194) as template. Since the full-length 
30 of ICT1024 cDNA is 2568 bp, to reduce the mutation may occur during the PCR reaction, 
two pairs of primers were designed to generate two shorter DNA fragments that can be 
ligated together to generate full-length ICT1024 cDNA. 
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Primer 1 : 1024EcoUp2 (28-mer, corresponds tol 1 1-128 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ ID NO:54) 

5'— C AGG AAT TCC ATG AGT GAG GCC CGC AGG— 3' 
Primer 2: 1024MidDn (26-mer, corresponds to 1770-1745 nt of ICT1024 gene, 
5 GenBank Accession Number: BC014425) (SEQ ID NO:55) 

5'— CC CTG GGA TCC TGG TGG CAG ACA GAG— 3 ' 
Primer 3: 1024SalDn (29-mer, corresponds to 2678-2661 nt of ICT1024 gene, 
GenBank Accession Number: BC014425) (SEQ IDNO:56) 

5'— CC GGC GTC GAC TCA GTG GAG CTG AGC GTC — 3' 
10 Primer 8: 1024ClaDn (30-mer, corresponds to 2675-2658 nt of ICT-1024, GenBank 

Accession Number: BC014425) (SEQ ID NO:65) 

5' — CGC GGC ATC GAT GTG GAG CTG AGC GTC CAG— 3 9 
PCR reaction using Primer 1/ Primer 2 and MGC 20194 template generated a 1679 bp 
DNA fragment that contains the 1 1 1 to 1770 nt of the ICT1024. PCR reaction using Primer 
1 5 3/ Primer 8 and MGC 20194 template generated a 925 bp DNA fragment that contains the 
1755 to 2675 nt of the ICT1024. After purification of the PCR products, the 1679 bp DNA 
fragment was digested with EcoRI and BamHI, the 928 bp fragment was digested with 
BamHI and Cla I, then cloned into pETBlue-2 vector (Novagen) cleaved with EcoRI and Cla 
I through a three-fragment ligation reaction. The final product, pETBlue-2-ICT1024 plasmid 
20 DNA, was identified and its sequence was confirmed by DNA sequencing. 

See Fig. 28 for restriction map of pETBlue-2-ICT1024 plasmid. See Fig. 30 for 
sequence. (SEQ ID NO:66) 

Example 14. Cloning of the cDNA fragment coding the N terminus peptide (400 aa^ of 
ICT1024 into pETBlue-2 vector for protein expression in E.coli 

25 The cDNA coding for the N terminus 400 aa of ICT1024 was generated by a PCR 

amplification using a MGC20194 DNA as template. One pair of primers was used to generate 
the 1221 bp cDNA fragment containing a EcoRI site at its 5 5 and a Cla I site at its 3' end. No 
stop codon was integrated into the end of coding region since there is a stop codon 
downstream of the pETBlue-2 vector. 

30 Primer 1 : 1024EcoUp2 (28-mer, corresponds tol 1 1-128 nt of ICT1024 gene, 

GenBank Accession Number: BC014425) (SEQ ID NO:54) 

5'— C AGG AAT TCC ATG AGT GAG GCC CGC AGG— 3' 
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Primer 7: 1024Cla400Dn (30-mer, w/ 1293-1310 nt of ICT1024 gene, GenBank 
Accession Number: BC014425) (SEQ ID NO:67) 

5'— CGC GGC ATC GAT GTC CAT GTC CTC GAT CTG — 3' 
PCR reaction using Primer 1/ Primer 7 and MGC 20194 template generated a 1221 bp 
5 DNA fragment that contains the 1 1 1 to 1310 nt of the ICT1024. After purification of the 
PCR products, the 1221 bp DNA fragment was digested with EcoRI and Cla I, and then 
cloned into pETBlue-2 vector cleaved with EcoRI and Cla I. The final product, pETBlue-2- 
ICT1024N plasmid DNA, was identified and its sequence was confirmed by DNA 
sequencing. 

10 See Fig. 17 for the restriction mapof pETBlue~2-ICT1024N. See Fig. 31 for the 

sequence. (SEQ ID NO:68) 

Example 15. Cloning of the cDNA fr agment coding the C terminus peptide (372 aa^ of 
ICT1024 into pETBlue-2 vector for protein expression in E.coli 

The cDNA coding for the C-terminal 372 aa of ICT1024 was generated by a PCR 
15 amplification using a MGC20194 DNA as template. One pair of primers was used to generate 
the 1 139 bp cDNA fragment containing a EcoRI site at its 5' and a Cla I site at its 3' end. No 
stop codon was integrated into the end of coding region since there is a stop codon 
downstream of the pETBlue-2 vector. 

Primer 6: 1024midEcoUp (30-mer, with EcoRI site 1560-1577 nt of ICT1024 gene, 
20 GenBank Accession Number: BC014425) (SEQ ID NO:63) 

5'— CCC AGG AAT TCC CAG GTG CAC AGC TTC ATT— 3' 
Primer 8: 1024ClaDn (30-mer, corresponds to 2675-2658 nt of ICT-1024, GenBank 
Accession Number: BC014425) (SEQ ID NO:65) 

5'---CGC GGC ATC GAT GTG GAG CTG AGC GTC CAG— 3' 
25 PCR reaction using Primer 6/ Primer 3 and MGC 20194 template generated a 1 139 bp 

DNA fragment that contains the 1 560 to 2675 nt of the ICT1024. After purification of the 
PCR products, the 1 139bp DNA fragment was digested with EcoRI and Cla I, and then 
cloned into pETBlue-2 vector cleaved with EcoRI and Cla I. The final product, pETBlue-2- 
ICT1024C plasmid DNA, was identified and its sequence was confirmed by DNA 
30 sequencing. 

See Fig. 18 for restriction map of pETBlue-2-ICT1024C plasmid. See Fig. 32 for the 
sequence. (SEQ ID NO:69) 
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Productio n and purification of ICT1024 protein and pep tides 

Purified ICT1024 protein or peptides are required as antigen for generating ICT1024 
specific antibodies using conventional methods. The ICT1024 protein or peptides can be 
produced from various expression systems that include, but not limit to, mammalian culture 
cells, yeast, insect cells, and E.coli cells. Only purification methods that preserve protein 
antigenicity be used for generating ICT1024 protein or peptides. In general, the first step is to 
introduce the expression vectors carrying a full-length 1024 cDNA or a fragment of cDNA 
coding for ICT1024 peptide into their corresponding host systems. For example, the 
mammalian expression vectors are introduced into 293 cells using standard transfection 
procedures such as liposome mediated or electroporation mediated transfection. The second 
step is to amplify the host cells carrying the expression vector. One example is the 
fermentation of yeast or E.coli host cells transformed with the expression vector. The third 
step is to induce the expression of recombinant protein in the host cells, if inducible 
expression vector is used. This is particularly important if the recombinant protein is toxic to 
the host cells. The next step is to isolated recombinant protein from the host cells lysate. The 
final step is to remove the fusion domain and purify the desired recombinant protein or 
peptide, if the recombinant protein was generated in the form of a fusion protein. 

Example 16. Production of ICT1024 p rotein or neptide using p O EX-5X-3 /BL21 cells 

The Glutathione S-transferase (GST) Gene Fusion System ( Amersham) is a versatile 
system for the expression, purification, and detection of fusion proteins produced in 
Eschericia coli. The system provides an inducible, high-level expression of genes or gene 
fragments as fusions with GST, with GST moiety at the amino terminus and the protein of 
interest at the carboxyl terminus. GST fusion proteins are purified from bacterial lysate by 
affinity chromatography using immobilized glutathione. GST fusion proteins are captured by 
the glutathione medium and the impurities are removed by washing. The reduced glutathione 
is used to elute fusion proteins under mild, non-denaturating conditions to preserve protein's 
tumorgenicity. For generating ICT1024 protein or peptides as antigen for production of 
antibodies, the ICT1024 protein or peptides is cleaved from GST using a site-specific 
protease whose recognition sequence is located immediately upstream from the multiple 
cloning site on the pGEX plasmids. 

Screening for proper GST expression colonies 
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The pGEX-5X-3-ICT1024, pGEX-5x-3-1024N, or pGEX-5x-3-ICT1024C is 
transformed into host cell E.coli BL21 using standard protocol provided by Amersham. 

Inoculate 12 single colonies into 2 ml in LB medium with lOOug/ml ampicillin, 
incubate at 37oC with shaking (250 rpm) until OD595 reach 0.6. 

Split the culture into two 1 ml for IPTG induction (I) and un-inductibn (NI). To "I" 
tube, add IPTG to a final concentration of 0.1-0.5 mM, 

Continue incubation at 37oC with shaking (250 rpm) for 3 hours then transfer culture 
to a 1.5 ml micro-tube, recover cells by centrifugation at 14,000 rpm for 1 minute. 

Add 200 ul of Protein Sample Buffer to the cell pellet, suspend cells, then boil sample 
at lOOoC for 2-5 minutes. 

Load 15 ul of each sample onto a 10% SDS-PAGE gel, with protein molecular weigh 
markers on parallel lane. After running the gel, stain the gel with coomassie blue. The 
molecular weigh for GST protein alone is 26Kd, for fusion protein of GST-ICT1024 is 122kd, 
for fusion protein of GST-ICT1024N is 88 Kd, for fusion protein of GST-ICT1024C is 57 Kd. 

Individual clones with highest expression levels of GST fusion protein are selected for 
production of respect GST fusion protein. 

Isolation of GST-fusion protein 

Inoculate a selected single colony into 100 ml LB with 100 ug/ml ampicillin, incubate 
at 37oC with shaking (250 rpm) overnight. 

Transfer 25 ml overnight culture into 1 liter pre-warmed LB with 100 ug/ml 
ampicillin in a 2-L flask, incubate at 37oC with shaking (250 rpm) until OD595 reach 0.6. 

Add IPTG to a final concentration of 0.1-0.5 mM to induce GST fusion protein 
expression, incubate at 37oC with shaking (250 rpm) for 3 hours. 

Harvest cells by centrifugation at 3,600 rpm for 10 minutes (Servall GS-3 rotor). 

Resuspend cells in 20 ml R.S. with protease inhibitor (see appendix for R.S. buffer 
and R.S. buffer cocktail). 

Sonicate sample for 6 times, 30 seconds each. Keep sample on ice during the 
sonication and mix the sample after each sonication. 

Centrifuge the sonicated sample at 10,000 rpm for 10 minutes using a Servall GS-3 
rotor. Transfer the supernatant to a fresh tube. 

To the supernatant add glutathione-agarose beads slurry (GSH-Agarose powder, 
sigma G45 10, 70 mg beads balanced in 4 ml RS, inversed at RT in a 15-ml tube for 1 hr to 
overnight, with 2-3 buffer replacements, resulting in 1 ml compact swollen beads slurry, 
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could be stored as 50% slurry for a month. Use material from 1.5-2.0 liters of supernatant 
(37.5-50 ml) per 1 ml of resin in 50 ml tube. ) 

Mix the super/slurry gently at 40C on rotator for 0.5-2 hr. 

Centrifuge at 1,500 rpm for 2 minutes, batch wash 2 times with 10 ml RS each. Add 
5 10 ml RS to suspend sample, load onto a column. 
Rinse the column with 10 ml RS. 

Stripe the column with 50 mM GSH in RS (pH 8.0, adjusted by NaOH). 
Collect 0.5 ml fractions by hand or a fraction collector. GST fusion protein should be 
eluted in fractions 5-11. 

1 0 Locate GST fusion protein by placing 2 ul aliquots of each fraction into wells of 

microplates and adding 100 ul of Ix Bradford reagent (1 :5 dilutions of Biorad reagent) and 
check the color of mixture. 

To remove the GST from ICT1024 protein or peptides, the mixture of super/slurry, 
after batch wash, is washed lx with thrombin cleavage buffer (T.C.B., see appendix). Then, 
add 2 ml T.C.B. and 10 ug (13 ul) of Thrombin (0.768 ug/ul), shaking at RT for 1.5 hours. 
(Thrumbin, human, lyoph, Cat: 605195, Calbiochem Corp.) 
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Appendix: 
20 R.S. buffer (500 ml) 



lMTris.HCl,pH7.9 


10 ml (20 mM) 


0.5 M EDTA 


0.2 ml (0.2 mM) 


NaCl 


29.22 g (1 M) 



R.S. buffer cocktail 



R.S. plus the 
following 


500 ml 


1 liter 


Final 
cone. 


2ME (40C) 


1ml 


2ml 


0.2% 


NP-40 (RT) 


2.5 ml 


5 ml 


0.5% 


PMSF (RT) 
MW174.2 


17.42 mg (in EtOH) 


34.84 
mg 


0.2 mM 


Aprotinin (-200C, 
H2Q) 


1 mg (freely in 
water) 


2mg 


2 ug/ml 
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Leupeptin (40C or - 
200C) 


1 mg (in water, 1 
mg/ml) 


2mg 


2 jug/ml 


Pepstatin-A (40C or 
-200C) 


1 mg (in EtOH, up 
to 1 mg/ml) 


2mg 


2 jig/ml 



T.C.B. (Thrombin cleavage buffer), for 30 ml: 



1 M Tris, pH 8.0 


1.5 ml (1:20. 50 mM) 


4MNaCl 


1.125 ml (0.15 M) 


1 M CaC12 


0.075ml (2.5 mM) 


2ME 


0.03 ml (0.1%) 



Example 17. Production of ICT1024 pr o tein or p eptid e using pETB1ue-2/BL21 cells 



ICT1024 is a membrane-associated proteinase belongs to the RHO family. Our 
preliminary data in pGEX-5X-3/BL21 expression system indicated that the GST-ICT1024 
fusion protein is very toxic to the bacterial host, and therefore it is difficult to get the high 
levels of GST-ICT1024 fusion protein expression by IPTG induction in DH5oc-Tl or BL21 
cells. The pETBlue system (Novagen) may likely help us to solve the toxicity problem. The 
pET-Blue2 vector employs the bacteriophage T7 promoter to drive the expression of the 
interested gene. The bacteriophage T7 polymerase only will be expressed in BL(DE3) cells 
when induced by IPTG. When BL21(DE3)pLysS cells are used, the T7 polymerase activity 
will be further contained by the expressed T7 lysozyme. All these features of this system 
make the expression of the interested protein very selective and tightly controlled, that favors 
my present purpose: to express otherwise very toxic proteins. Another advantage of using the 
pETBlue-2 is the utilization of cc-complementation of LacZ gene product, p-Galactosidase, to 
use blue/white colony based selection of plasmid constructs. Additionally, the C'-end of the 
engineered fusion protein contains the in-frame tags: HSV Tag and His.Tag that are linked in 
tandem. These tags can be used for purification and detection of the fusion products, 
respectively. 

The P ETBlue-2-ICT1024, pETBlue-2-1024N, or pETBlue-2-ICT1024C plasmid 
DNAis transformed into host cell E.coli BL21 using standard protocol provided by Novagen. 
The transformed clones are easily visual identified by blue/white colony screening, since 
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pETBlue-2 vector uses a weak constitutive E. coli promoter (tet) to drive expression of the 
lacZ alpha-peptide, whereas expression of ICT1024 gene is driven by a T71ac promoter in the 
opposite orientation. Insertion of ICT1024 sequences into the multiple cloning site (MCS) 
disrupts expression of the lacZ alpha-peptide and produces a white colony phenotype in strain 
DH5a when plated in the presence of X-gal. Colonies derived from the unmodified vector 
turn blue. Because T7-driven protein expression requires inserts to be cloned in an annsense 
orientation relative to the tet promoter, basal expression of ICT1024 sequences is virtually 
absent. The high copy number pUC origin of replication present on the pETBlue-2 plasmids 
greatly increases plasmid yields and therefore the expressed ICT1024 protein or peptides. 

The ICT1024 gene or fragments in pETBlue-2 vector are expressed at high levels, 
because the inserted sequences are in the sense orientation relative to the T71ac promoter, and 
the reading frame meet the translation requirements of pETBlue-2 vector. Protein expression 
is accomplished by transforming the recombinant pETBlue-2 plasmids into the host strains 
Tuner™(DE3)pLacI or Origami™(DE3)pLacI followed by induction with IPTG. These hosts 
carry a chromosomal copy of the T7 RNA polymerase gene under lacUV5 control, and 
supply sufficient lac repressor via the compatible pLacI plasmid to ensure low level 
uninduced expression. The lacY status of the Tuner strain allows uniform dose-dependent 
IPTG induction of the target protein throughout the culture, and Origami strains enhance 
cytoplasmic disulfide bond formation. 

Furthermore, since the ICT1024, ICT1024N, and ICT1024C inserts all lack an 
internal stop codon and were cloned in-frame with the C-terminal HSV°Tag® epitope and 
HisoTag® sequences. The ICT1024 protein or peptides are expressed in the form of fusion 
protein with HSV Tag and His Tag at its C-terminal. The ICT1024 protein and peptides are 
isolated and purified following Novagen's standard procedure. 



Example 18. Production of ICT1024 P rn t em or Dentin us i ng 2 Q3 cells 

Even through mild, non-denaturing conditions were used for purify recombinant 
proteins from E. coli to preserve their antigenicity, too many times that the purified protein 
lost their antigenicity due to lower solubility or unsatisfied un-folding of the recombinant 
protein. Utilizing mammlian culture system for expression recombinant protein can 
overcome this hurdle, though the yield of recombinant protein from such a system usually i 
much lower than the Ecoli expression system. 
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I. Transfection of HEK 293 cells using Electroporation approach 
Grow cells in RPMI 1640 medium containing 10% FBS. 
Wash cells with FBS free RPMI 1640 media, add trypsin; 
Inactivate trypsin with RPMI 1640 medium containing 10% FBS. 
Wash cells times using RPMI 1640 media with 2.5% FBS (no antibiotics). 
Resuspend the cells in RPMI 1640 media with 2.5% FBS at a density of 5x106 
cells/ml. 

Transfer 200 ul cells into an sterile electroporation cuvette (BTX Cuvettes Model 
#620: 2 mm gap). Add 10 ug of plasmide DNA (pCI-ICT1024, pCMCT1024N, or pCI- 
ICT1024C) into the cuvettes and mix well. Incubate cells and DNA for 10 minutes at room 
temperature before electroporation. 

Electroporation Settings: 



Electroporation generator 


BTXECM 830 


Voltage (V) 


1200 HV 


Pulse Length (/is) 


50 us 


No. of pulses (n) 


1 



After electroporation, let the cells recover for 10 minute incubation at room 
temperature. 

Place the transfected cells (lx 106) into in a single well of a 6-well plate containing 2 
ml of prewarmed RPMI medium with 10% serum, and incubate in 37o C, 5% C02 incubator 
for 48 hours. 

II. Protein extraction from cell membrane 

Since ICT1024 protein is a membrane associated protein with majority of its C 
terminus residues in the membrane, the ICT1204 protein and the C terminus peptides 
expressed in the transfected cells need to be extracted from cell memberane using a M-PER 
Eukaryotic membrane Protein Extraction Reagent kit(Cat No: 89826, PIERCE). 
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Isolate 5 x 106 cells per sample by centrifuging harvested cell suspensions at 850 x g 
for 2 minutes. Pellet cells (washed in PBS) in 1.7 ml conical microcentrifuge tubes. 
Carefully remove and discard the supernatant. 

Add 150 ul of Reagent A to the cell pellet. Pipette up and down to obtain a 
homogeneous cell suspension. Incubate 10 minutes at room temperature with occasional 
vortexing. 

Place lysed cells on ice. 

Dilute 2 parts Reagent C with 1 part Reagent B, making sufficient mixture for each 
sample to receive 450 ul (e.g., for 10 extractions, combine 3.33 ml of Reagent C with 1.67 ml 
of Reagent B). Note: Keep Reagent C at 4°C or on ice at all times. 

Add 450 ul of diluted Reagent C to each tube of lysed cells and vortex. Incubate tubes 
on ice for 30 minutes, vortexing every 5 minutes. 

Centrifuge tubes at 10,000 x g for 3 minutes at 4°C. Transfer supernatant to new tubes. 

Incubate supernatant for 10 minutes at 37°C to separate the membrane protein fraction. 

Centrifuge tubes at room temperature for 2 minutes at 10,000 x g to isolate the 
hydrophobic fraction (i.e., the fraction containing membrane protein of interest) from the 
hydrophilic fraction. 

Carefully remove the hydrophilic phase (top layer) from the hydrophobic protein 
phase (bottom layer) and save in a new tube. Perform the phase separations as quickly as 
possible because the interface between the layers slowly disappears at room temperature. 
Place the separated fractions on ice. 

Note: The majority of membrane protein should be found in the lower viscous phase. 

Note: The hydrophobic fraction can now be used for membrane protein(s) analysis. 

HI. Protein extraction from whole cells 

The N terminus peptides of ICT1024 is likely not tightly associated with the cell 
membrane, therefore, it is much easy to isolated from the cell lysates using a M-PER 
Mammalian Protein Extraction Reagent ( Cat No: 78501, PIERCE) 

Carefully remove (decant) culture medium from the adherent cells. 

Wash the cells once with PBS. 

Add an 300 ul of M-PER™ Reagent to each plate well (6-well plate). 
Shake gently for 5 minutes. 

Collect the lysate and transfer to a microcentrifuge tube. 
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Centrifuge samples at 27,000g for 5-10 minutes to pellet the cell debris. 
Transfer supernatant to a clean tube for further analysis (SDS page or western 
blotting). 

IV. Isolation of ICT1024 protein or peptides from SDS-Page gel 
Dilute the protein sample 1:1 with 2x SDS Sample Buffer, heat the samples and the 
molecular weight standards for 5 minutes at 100°C. 

The samples are loaded onto a 10% SDS-Page gel. 

Run the gel at 10 mA until the dye enters the separating gel. Then increase the current 
to 15 mA. When the dye reaches the bottom of the separating gel, turn off the power supply, 
and remove the gel sandwich. 

Carefully open the sandwich by using one of the spacers to pry the plates apart. 
Gently cut away the stacking gel and place the separating gel in a small plastic container for 
staining. 

Cover the gel with fixing solution and shake gently for 15 minutes. 

Pour off the fixer and cover the gel with Coomassie blue staining solution. Shake 
gently for at least 2 hours. Pour off the staining solution and cover the gel with the wash 
solution. 

Cut of the gel fragment containing the desired protein band, extract protein from the 
gel using standard procedures. 

Example 1 9 Production of ICT1 024 antibodies 

The purified ICT1024 protein or peptides are used to generate ICT1024 antibodies. 
The mammalian expression vectors carrying ICT1024 full-length cDNA or fragment are used 
to generate ICT1024 antibodies directly using DNA vaccination methods. In addition, a 
series of ICT1024 peptides (15 aa to 30 aa) will be chemically synthesized as antigen for 
generating ICT1024 antibodies. Further more, since ICT1024 is a membrane protein, plasmid 
DNA will be constructed for expression of ICT1024 specific intrabodies (single-chain Fv 
fragment, scFv) within the cell and directed against ICT1024's intracellular domains. 

The ICT1024 antibodies to be generated include, but not limit to, mouse polyclonal 
antibodies, mouse monoclonal antibodies (MAb), rabbit polyclonal antibodies, rabbit 
monoclonal antibodies, chicken IgY antibodies, and humanized antibodies. 
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Example 20. Generation of ICT1024 antibodies bv directly DNA vaccination of mouse 

Plasmid DNA or polynucleotides have been proved to be good alternative vaccines to 
traditional whole organism or purified proteins. Advantages of DNA vaccination over 
traditional methods are listed below: 

Simple: subcloning of DNA sequence into vectors (plasmid, or viral) is much easier 
than tedious and often very difficult undertakes of purification of antigen proteins. 

Safer: individual proteins pose little risk of causing infection. If specific epitope 
sequences are selected for vaccination the toxicity, if any, of natural proteins could be also 
minimized as well. 

Natural: studies showed that antigens (proteins or polypeptides) produced in situ from 
DNA vaccines would adopt a natural conformation and have necessary post-translation 
modifications made by host during natural infections. 

Although enhanced immune responses have been reported when DNA vaccines are 
delivered with cationic lipids, gene gun, or jet injection, the electroporation is by far the most 
efficient way for DNA transfection both in vitro and in vivo. The combination of plasmid 
DNA injection and electroporation delivery has produced convincing positive results on 
different tissues, such as muscle, skin, tumor xenografts, etc. 

As the combination of DNA vaccine and electroporation offers a convenient and 
speedy way to generate polyclonal antibodies in mice, this approach can thus be used to 
screen for potential antibody targets discovered in house which may have applications in 
disease diagnosis, or treatment. 

Procedure 

After Balb/c mouse is anesthetized, a stripe of skin on the back of mouse is shaved to 
expose the area of skin. Five location on one mouse were shaved. Two ug of pCI-ICT1024, 
PCI-ICT1024N, or pCI-ICT1024C plasmid DNA in 20ul normal saline is injected into layer 
of skin of in each shaved area via route of subcutaneous using a 1-ml syringe and a 30.5 
gauge needle. Electroporations are then applied immediately on the injected area after the 
injection with parameters set as: Voltage= 100V, Pulse Length= 20ms, Pulse Number= 3, and 
Pulse Interval= 800ms. 

The DNA vaccination (immunization) procedure was repeated 7 days later, and 
repeated another time 1 month later. Blood samples are collected 7 days after the last DNA 
vaccination for testing of immunization effectiveness. In other experiments, the last boosting 
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was also achieved by injecting lysates of mouse or human tumor cells that are transfected 
beforehand with the same DNA. 

The effectiveness of immunization with DNA expression were tested with ELISA, 
Western, or functional assays like cell proliferation assay, apoptosis assay. For ELISA assay 
plastic support surface were coated with crude lysates from transfected cos-7 cells or 293 
cells as source of antigen, which is then detected with antibody present in the 
immunoglobulins purified from the sera of immunized mice. In other experiment, the antisera 
collected from immunized mice were used to precipitate ICT1024 protein or peptides 
(antigens) presented in the lysates of transfected cos-7 or 203 cells. The precipitated targets 
are then detected by Western Blotting. 

Specific antibodies against ICT1024 can be purified using traditional methods, DEAE 
ion-exchange column, Protein-A affinity column, etc. Pure antibodies can be obtained after 
monoclonal antibodies are produced through hybridoma technology. 

Example 2 1 . Generation of rab b it monoclonal antibodies against TCT1 07 A 

To generate rabbit monoclonal antibodies against ICT1024, the expression vectors 
carrying ICT1024 full-length cDNA or cDNA fragment are transfected into the rabbit cell 
line 240E. The resulting transfected cells are pooled and used to immunize a rabbit. 
Endogenous proteins from the cell line 240E do not induce immune reaction and only the 
expressed human proteins are recognized as antigens by the rabbit. The combination of high 
fusion efficiency, better stability of hybridoma and a large repertory of antibody-producing 
cells make it possible to multiplex antigens for immunizing a single rabbit. 

Example 22. — Generation of mouse monoclonal antibodies against ICT1024 using 
ICT1024protein or peptides as antigen 

Coventional methods will be employeed to generate and purify mouse polyclonal 
antibodies and monoclonal antibodies against ICT1024 protein. We will also utilize 
chemically synthesized ICT1024 peptides corresponding to different domains of ICT1024 
protein to generate and purify mouse polyclonal antibodies and monoclonal antibodies 
against ICT1024 protein. The goal of this is to screen the best monoclonal antibodies against 
ICT1024, indicated by high affinity of binding with ICT1024 protein and more importantly, 
me capability of block the biological function of ICT1024 protein through antibody/antigen 
specific binding. 
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Example 23. Cloning of TCT1 0?5 full-length cDNA into nHT f or mammalia 
expression and DNA vaccination " 

The full-length cDNA of ICT1025 (803 aa) was generated by PCR amplification 
using a cDNA clone purchased from ATCC (MGC: 20194) as template. Since the full-length 
of ICT1025 cDNA is 2780 bp, to reduce the mutation may occur during the PCR reaction, 
two pairs of primers were designed to generate two shorter DNA fragments that can be 
legated together to generate full-length ICT1 025 cDNA. 

See Fig. 20. The confirmed sequence of pCI-ICT1025 expression plasmid. 

Production and purification of ICT1 07.5 protein and p eptide 

Purified ICT1025 protein or peptides are required as antigen for generating ICT1025 
specific antibodies using conventional methods. The ICT1025 protein or peptides can be 
produced from various expression systems that include, but not limit to, mammalian culture 
cells, yeast, insect cells, and E.coli cells. Only purification methods that preserve protein 
antigenicity be used for generating ICT1025protein or peptides. In general, the first step is to 
introduce the expression vectors carrying a full-length ICT1025 cDNA or a fragment of 
cDNA coding for ICT1025 peptide into their corresponding host systems. For example, the 
mammalian expression vectors are introduced into 293 cells using standard transfection 
procedures such as liposome mediated or electroporation mediated transfection. The second 
step is to amplify the host cells carrying the expression vector. One example is the 
fermentation of yeast or E.coli host cells transformed with the expression vector. The third 
step is to induce the expression of recombinant protein in the host cells, if inducible 
expression vector is used. This is particularly important if the recombinant protein is toxic to 
the host cells. The next step is to isolated recombinant protein from the host cells lysate. The 
final step is to remove the fusion domain and purify the desired recombinant protein or 
peptide, if the recombinant protein was generated in the form of a fusion protein. 

Example 24. Production of ICT1025 pro t ein or peptide using pGEX-5X-3 /BL21 rells 

The Glutathione S-transferase (GST) Gene Fusion System ( Amersham) is a versatile 
system for the expression, purification, and detection of fusion proteins produced in 
Eschericia coli. The system provides an inducible, high-level expression of genes or gene 
fragments as fusions with GST, with GST moiety at the amino terminus and the protein of 
interest at the carboxyl terminus. GST fusion proteins are purified from bacterial lysate by 
affinity chromatography using immobilized glutathione. GST fusion proteins are captured by 
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the glutathione medium and the impurities are removed by washing. The reduced glutathione 
is used to elute fusion proteins under mild, non-denaturating conditions to preserve protein's 
tumorgenicity. For generating ICT1025 protein or peptides as antigen for production of 
antibodies, the ICT1025 protein or peptides is cleaved from GST using a site-specific 
protease whose recognition sequence is located immediately upstream from the multiple 
cloning site on the pGEX plasmids. 



Screening for proper GST exp ress ion colonies 

ThepGEX-5X-3-ICT1024, P GEX-5x-3-1024N, or pGEX-5x-3-ICT1024C is 
transformed into host cell E.coli BL21 using standard protocol provided by Amersham. 

Inoculate 12 single colonies into 2 ml in LB medium with lOOug/ml ampicillin, 
incubate at 37oC with shaking (250 rpm) until OD595 reach 0.6. 

Split the culture into two 1 ml for IPTG induction (I) and un-induction (NI). To "I" 
tube, add IPTG to a final concentration of 0.1-0.5 mM. 

Continue incubation at 37oC with shaking (250 rpm) for 3 hours then transfer culture 
to a 1 .5 ml micro-tube, recover cells by centrifugation at 14,000 rpm for 1 minute. 

Add 200 ul of Protein Sample Buffer to the cell pellet, suspend cells, then boil sample 
at 1 OOoC for 2-5 minutes. 

Load 15 ul of each sample onto a 10% SDS-PAGE gel, with protein molecular weigh 
markers on parallel lane. After running the gel, stain the gel with coomassie blue. The 
molecular weigh for GST protein alone is 26Kd, for fusion protein of GST-ICT1025 is 122kd, 
for fusion protein of GST-ICT1024N is 88 Kd, for fusion protein of GST-ICT1024C is 57 Kd. 

Individual clones with highest expression levels of GST fusion protein are selected for 
production of respect GST fusion protein. 

Isolation of GST-fusion protein 

Inoculate a selected single colony into 100 ml LB with 100 ug/ml ampicillin, incubate 
at 37oC with shaking (250 rpm) overnight. 

Transfer 25 ml overnight culture into 1 liter pre-warmed LB with 100 ug/ml 
ampicillin in a 2-L flask, incubate at 37oC whh shaking (250 rpm) until OD595 reach 0.6. 

Add IPTG to a final concentration of 0.1-0.5 mM to induce GST fusion protein 
expression, incubate at 37oC with shaking (250 rpm) for 3 hours. 

Harvest cells by centrifugation at 3,600 rpm for 10 minutes (Servall GS-3 rotor). 



79 



WO 2004/089284 PCT/US2004/010059 

Resuspend cells in 20 ml R.S. with protease inhibitor (see appendix for R.S. buffer 
and R.S. buffer cocktail). 

Sonicate sample for 6 times, 30 seconds each. Keep sample on ice during the 
sonication and mix the sample after each sonication. 

Centrifuge the sonicated sample at 10,000 rpm for 10 minutes using a Servall GS-3 
rotor. Transfer the supernatant to a fresh tube. 

To the supernatant add glutathione-agarose beads slurry (GSH-Agarose powder, 
sigma G45 1 0, 70 mg beads balanced in 4 ml RS, inversed at RT in a 1 5-ml tube for 1 hr to 
overnight, with 2-3 buffer replacements, resulting in 1 ml compact swollen beads slurry, 
could be stored as 50% slurry for a month. Use material from 1.5-2.0 liters of supernatant 
(37.5-50 ml) per 1 ml of resin in 50 ml tube. ) 

Mix the super/slurry gentiy at 40C on rotator for 0.5-2 hr. 

Centrifuge at 1,500 rpm for 2 minutes, batch wash 2 times with 10 ml RS each. Add 
10 ml RS to suspend sample, load onto a column. 
Rinse the column with 10 ml RS. 

Stripe the column with 50 mM GSH in RS (pH 8.0, adjusted by NaOH). 
Collect 0.5 ml fractions by hand or a fraction collector. GST fusion protein should be 
eluted in fractions 5-11. 

Locate GST fusion protein by placing 2 ul aliquots of each fraction into wells of 
microplates and adding 100 ul of lx Bradford reagent (1:5 dilutions of Biorad reagent) and 
check the color of mixture. 

To remove the GST from ICT1025 protein or peptides, the mixture of super/slurry, 
after batch wash, is washed lx with thrombin cleavage buffer (T.C.B., see appendix). Then, 
add 2 ml T.C.B. and 10 ug (13 ul) of Thrombin (0.768 ng/^1), shaking at RT for 1.5 hours. 
(Thrumbin, human, lyoph, Cat: 605195, Calbiochem Corp.). 

Example 25. Production of ICT1025 p rotein or peptide using p F TBlue-2/BL21 cells 
ICT1025 is a membrane-associated proteinase belongs to the RHO family. Our 
preliminary data in pGEX-5X-3/BL21 expression system indicated that the GST-ICT1025 
fusion protein is very toxic to the bacterial host, and therefore it is difficult to get the high 
levels of GST-ICT1025 fusion protein expression by IPTG induction in DH5a-Tl or BL21 
cells. The pETBlue system (Novagen) may likely help us to solve the toxicity problem. The 
pET-Blue2 vector employs the bacteriophage T7 promoter to drive the expression of the 
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interested gene. The bacteriophage T7 polymerase only will be expressed in BL(DE3) cells 
when induced by IPTG. When BL21(DE3)pLysS cells are used, the T7 polymerase activity 
will be further contained by the expressed T7 lysozyme. All these features of this system 
make the expression of the interested protein very selective and tightly controlled, that favors 
my present purpose: to express otherwise very toxic proteins. Another advantage of using the 
pETBlue-2 is the utilization of a-complementation of LacZ gene product, 0-Galactosidase, to 
use blue/white colony based selection of plasmid constructs. Additionally, the C'-end of the 
engineered fusion protein contains the in-frame tags: HSV Tag and His.Tag that are linked in 
tandem. These tags can be used for purification and detection of the fusion products, 
respectively. 

The pETBlue-2-ICT1025, pETBlue-2-1025N, or pETBlue-2-ICT1025C plasmid 
DNAis transformed into host cell E.coli BL21 using standard protocol provided by Novagen. 
The transformed clones are easily visual identified by blue/white colony screening, since 
pETBlue-2 vector uses a weak constitutive E. coli promoter (tet) to drive expression of the 
lacZ alpha-peptide, whereas expression of ICT1025 gene is driven by a T71ac promoter in the 
opposite orientation. Insertion of ICT1025 sequences into the multiple cloning site (MCS) 
disrupts expression of the lacZ alpha-peptide and produces a white colony phenotype in strain 
DH5a when plated in the presence of X-gal. Colonies derived from the unmodified vector 
turn blue. Because T7-driven protein expression requires inserts to be cloned in an antisense 
orientation relative to the tet promoter, basal expression of ICT1025 sequences is virtually 
absent. The high copy number pUC origin of replication present on the pETBlue-2 plasmids 
greatly increases plasmid yields and therefore the expressed ICT1025 protein or peptides. 

The ICT1025 gene or fragments in pETBlue-2 vector are expressed at high levels, 
because the inserted sequences are in the sense orientation relative to the T71ac promoter, and 
the reading frame meet the translation requirements of pETBlue-2 vector. Protein expression 
is accomplished by transforming the recombinant pETBlue-2 plasmids into the host strains 
Tuner™(DE3)pLacI or Origami™(DE3)pLacI followed by induction with IPTG. These hosts 
carry a chromosomal copy of the T7 RNA polymerase gene under lacUV5 control, and 
supply sufficient lac repressor via the compatible pLacI plasmid to ensure low level 
uninduced expression. The lacY status of the Tuner strain allows uniform dose-dependent 
IPTG induction of the target protein throughout the culture, and Origami strains enhance 
cytoplasmic disulfide bond formation. Refer to Figure 19 for ICT1025 protein purified with 
above-described procedures. 
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Furthermore, since the ICT1025, ICT1025N, and ICT1025C inserts all lack an 
internal stop codon and were cloned in-frame with the C-terminal HSV-Tag® epitope and 
His-Tag® sequences. The ICT1025 protein or peptides are expressed in the form of fusion 
protein with HSV Tag and His Tag at its C-terminal. The ICT1025 protein and peptides are 
isolated and purified following Novagen's standard procedure. 

Example 26. Production of ICT1 025 p rnt Hn or nentide using 293 cells 

Even through mild, non-denaturing conditions were used for purify recombinant 
proteins from E. coli to preserve their antigenicity, too many times that the purified protein 
lost their antigenicity due to lower solubility or unsatisfied un-folding of the recombinant 
protein. Utilizing mammlian culture system for expression recombinant protein can 
overcome this hurdle, though the yield of recombinant protein from such a system usually is 
much lower than the E.coli expression system. 

I. Transfection of HEK 293 cells using Electroporation approach 
Grow cells in RPMI 1640 medium containing 10% FBS. 
Wash cells with FBS free RPMI 1640 media, add trypsin; 
Inactivate trypsin with RPMI 1640 medium containing 10% FBS. 
Wash cells times using RPMI 1640 media with 2.5% FBS (no antibiotics). 
Resuspend the cells in RPMI 1 640 media with 2.5% FBS at a density of 5x106 
cells/ml. 

Transfer 200 ul cells into an sterile electroporation cuvette (BTX Cuvettes Model 
#620: 2 mm gap). Add 10 ug of plasmide DNA (pCI-ICT1025, pCI-ICT1025N, or pCI- 
ICT1025C) into the cuvettes and mix well. Incubate cells and DNA for 10 minutes at room 
temperature before electroporation. 



Electroporation Settings: 



Electroporation generator 


BTX ECM 830 


Voltage (V) 


1200 HV 


Pulse Length 


50 us 


No. of pulses (n) 


1 
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After electroporation, let the cells recover for 10 minute incubation at room 
temperature. 

Place the transfected cells (Ix 106) into in a single well of a 6-well plate containing 2 
ml of prewarmed RPMI medium with 10% serum, and incubate in 37o C, 5% C02 incubator 
for 48 hours. 

II. Protein extraction from cell membrane 

Since ICT1025 protein is a membrane associated protein with majority of its C 
terminus residues in the membrane, the ICT1205 protein and the C terminus peptides 
expressed in the transfected cells need to be extracted from cell memberane using a M-PER 
Eukaryotic membrane Protein Extraction Reagent kit(Cat No: 89826, PIERCE). 

Isolate 5 x 106 cells per sample by centrifuging harvested cell suspensions at 850 x g 
for 2 minutes. Pellet cells (washed in PBS) in 1.7 ml conical microcentrifuge tubes. 

Carefully remove and discard the supernatant. 

Add 150 ^1 of Reagent A to the cell pellet. Pipette up and down to obtain a 
homogeneous cell suspension. Incubate 10 minutes at room temperature with occasional 
vortexing. 

Place lysed cells on ice. 

Dilute 2 parts Reagent C with 1 part Reagent B, making sufficient mixture for each 
sample to receive 450 p.1 (e.g., for 10 extractions, combine 3.33 ml of Reagent C with 1.67 ml 
of Reagent B). Note: Keep Reagent C at 4°C or on ice at all times. 

Add 450 ill of diluted Reagent C to each tube of lysed cells and vortex. Incubate tubes 
on ice for 30 minutes, vortexing every 5 minutes. 

Centrifuge tubes at 10,000 x g for 3 minutes at 4°C. Transfer supernatant to new tubes. 

Incubate supernatant for 10 minutes at 37°C to separate the membrane protein fraction. 

Centrifuge tubes at room temperature for 2 minutes at 10,000 x g to isolate the 
hydrophobic fraction (i.e., the fraction containing membrane protein of interest) from the 
hydrophilic fraction. 

Carefully remove the hydrophilic phase (top layer) from the hydrophobic protein 
phase (bottom layer) and save in a new tube. Perform the phase separations as quickly as 
possible because the interface between the layers slowly disappears at room temperature. 
Place the separated fractions on ice. 

Note: The majority of membrane protein should be found in the lower viscous phase. 
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Note: The hydrophobic fraction can now be used for membrane protein(s) analysis. 

III. Protein extraction from whole cells 

The N terminus peptides of ICT1025 is likely not tightly associated with the cell 
membrane, therefore, it is much easy to isolated from the cell lysates using a M-PER 
Mammalian Protein Extraction Reagent ( Cat No: 78501, PIERCE) 

Carefully remove (decant) culture medium from the adherent cells. 

Wash the cells once with PBS. 

Add an 300 ul of M-PER™ Reagent to each plate well (6-well plate). 
Shake gently for 5 minutes. 

Collect the lysate and transfer to a microcentrifuge tube. 
Centrifuge samples at 27,000g for 5-10 minutes to pellet the cell debris. 
Transfer supernatant to a clean tube for further analysis (SDS page or western 
blotting). 

IV. Isolation of ICT1 025 protein or peptides from SDS-Page gel 

Dilute the protein sample 1 : 1 with 2x SDS Sample Buffer, heat the samples and the 
molecular weight standards for 5 minutes at 100°C. 

The samples are loaded onto a 10% SDS-Page gel. 

Run the gel at 10 mA until the dye enters the separating gel. Then increase the current 
to 15 mA. When the dye reaches the bottom of the separating gel, turn off the power supply, 
and remove the gel sandwich. 

Carefully open the sandwich by using one of the spacers to pry the plates apart. 
Gently cut away the stacking gel and place the separating gel in a small plastic container for 
staining. 

Cover the gel with fixing solution and shake gently for 15 minutes. 

Pour off the fixer and cover the gel with Coomassie blue staining solution. Shake 
gently for at least 2 hours. Pour off the staining solution and cover the gel with the wash 
solution. 

Cut of the gel fragment containing the desired protein band, extract protein from the 
gel using standard procedures. 
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The purified ICT1025 protein or peptides are used to generate ICT1025 antibodies. 
The mammalian expression vectors carrying ICT1025 full-length cDNA or fragment are used 
to generate ICT1025 antibodies directly using DNA vaccination methods. In addition, a 
series of ICT1025 peptides (15 aa to 30 aa) will be chemically synthesized as antigen for 
generating ICT1025 antibodies. Further more, since ICT1025 is a membrane protein, plasmid 
DNA will be constructed for expression of ICT1025 specific intrabodies (single-chain Fv 
fragment, scFv) within the cell and directed against ICT1 025 ' s intracellular domains. 

The ICT1025 antibodies to be generated include, but not limit to, mouse polyclonal 
antibodies, mouse monoclonal antibodies (MAb), rabbit polyclonal antibodies, rabbit 
monoclonal antibodies, chicken IgY antibodies, and humanized antibodies. 

Example 28. Generation of ICT1025antibodies by directly DNA vaccination of mouse 

Plasmid DNA or polynucleotides have been proved to be good alternative vaccines to 
traditional whole organism or purified proteins. Advantages of DNA vaccination over 
traditional methods are listed below: 

Simple: subcloning of DNA sequence into vectors (plasmid, or viral) is much easier 
than tedious and often very difficult undertakes of purification of antigen proteins. 

Safer: individual proteins pose little risk of causing infection. If specific epitope 
sequences are selected for vaccination the toxicity, if any, of natural proteins could be also 
minimized as well. 

Natural: studies showed that antigens (proteins or polypeptides) produced in situ from 
DNA vaccines would adopt a natural conformation and have necessary post-translation 
modifications made by host during natural infections. 

Although enhanced immune responses have been reported when DNA vaccines are 
delivered with cationic lipids, gene gun, or jet injection, the electroporation is by far the most 
efficient way for DNA transfection both in vitro and in vivo. The combination of plasmid 
DNA injection and electroporation delivery has produced convincing positive results on 
different tissues, such as muscle, skin, tumor xenografts, etc. 

As the combination of DNA vaccine and electroporation offers a convenient and 
speedy way to generate polyclonal antibodies in mice, this approach can thus be used to 
screen for potential antibody targets discovered in house which may have applications in 
disease diagnosis, or treatment. 
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After Balb/c mouse-is anesthetized, a stripe of skin on the back of mouseis shaved to 
expose the area of skin. Five location on one mouse were shaved. Two ug of pCI-ICT1025, 
pCI-ICT1025N, or pCI-ICT1025C plasmid DNA in 20ul normal saline is injected into layer 
of skin of in each shaved area via route of subcutaneous using a 1-ml syringe and a 30.5 
gauge needle. Electroporations are then applied immediately on the injected area after the 
injection with parameters set as: Voltage= 100V, Pulse Length= 20ms, Pulse Number= 3, and 
Pulse Interval= 800ms. 

The DNA vaccination (immunization) procedure was repeated 7 days later, and 
repeated another time 1 month later. Blood samples are collected 7 days after the last DNA 
vaccination for testing of immunization effectiveness. In other experiments, the last boosting 
was also achieved by injecting lysates of mouse or human tumor cells that are transfected 
beforehand with the same DNA. 

The effectiveness of immunization with DNA expression were tested with ELISA, 
Western, or functional assays like cell proliferation assay, apoptosis assay. For ELISA assay 
plastic support surface were coated with crude lysates from transfected cos-7 cells or 293 
cells as source of antigen, which is then detected with antibody present in the 
immunoglobulins purified from the sera of immunized mice. In other experiment, the antisera 
collected from immunized mice were used to precipitate ICT1025 protein or peptides 
(antigens) presented in the lysates of transfected cos-7 or 203 cells. The precipitated targets 
are then detected by Western Blotting. 

Specific antibodies against ICT1025 can be purified using traditional methods, DEAE 
ion-exchange column, Protein-A affinity column, etc. Pure antibodies can be obtained after 
monoclonal antibodies are produced through hybridoma technology. 

Example 29. — Generatio n of rabbit monoclonal antibodies against ICT1 07.S 

To generate rabbit monoclonal antibodies against ICT1025, the expression vectors 
carrying ICT1025 full-length cDNA or cDNA fragment are transfected into the rabbit cell 
line 240E. The resulting transfected cells are pooled and used to immunize a rabbit. 
Endogenous proteins from the cell line 240E do not induce immune reaction and only the 
expressed human proteins are recognized as antigens by the rabbit. The combination of high 
fusion efficiency, better stability of hybridoma and a large repertory of antibody-producing 
cells make it possible to multiplex antigens for immunizing a single rabbit. 
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Example 30. Generation of mouse monoclonal antibodies ag ai nst ICT1025 using ICT1025 
protein or peptides as antigen 

Coventional methods will be employeed to generate and purify mouse polyclonal 
antibodies and monoclonal antibodies against ICT1025 protein. We will also utilize 
5 chemically synthesized ICT1 025 peptides corresponding to different domains of ICT1 025 
protein to generate and purify mouse polyclonal antibodies and monoclonal antibodies 
against ICT1025 protein. The goal of this is to screen the best monoclonal antibodies against 
ICT1025, indicated by high affinity of binding with ICT1025 protein and more importantly, 
the capability of block the biological function of ICT1025 protein through antibody/antigen 
1 0 specific binding. 

Generation of hybridomas producing ICT1025 mAb 

Mouse monoclonal antibody (mAb) against human ICT1025 protein was generated 
using a standard procedure. Briefly, the human ICT1025 protein was purified from E.coli 
cells that transformed with a prokaryotic expression vector for human ICT1025 cDNA. The 

1 5 purified human ICT1 025 protein was then used to immunize mouse. After several 

immunizations, when the ICT1025 antibody titer in the serum of immunized mice exceeded 
10,000, the mice were sacrificed and the spleen cells were harvested to generate hybridoma 
clones. Individual hybridoma clone was then amplified and the culture supernatant was 
collected for verifying mAb against the ICT1025 protein using an ELISA based assay. From 

20 one mouse immunized with ICT1025 protein, 40 hybridoma clones were confirmed to 
produce mAb specific to human ICT1025 protein. 

Selection of ICT1025 mAb with cell surface binding activity 
It has been demonstrated that the expression levels of ICT1025 are up-regulated in 
tumor cells. More importantly, it is believed that migration of ICT1025 protein from 

25 cytoplasm to the cell membrane and exposure to the extracellular compartment occurs 

selectively in tumor cells. Therefore, to be effective for therapeutics or diagnosis, a ICT1025 
mAb must be able to bind to the extracellular domin(s) of the ICT1025 protein. A Living 
Cell Surface Staining ELISA was used to screen the ICT1025 mAb that can bind to the cell 
surface domain(s) of ICT1025 protein. 

30 Two cell lines, a human breast tumor cell line MDA-MB-435 and a human colon 

tumor cell line HT29, both of them over-expressing ICT1025 protein, were used in the mAb 
screening studies. The data from mAb screening using hybridoma culture supernatant in 
MDA-MB-435 cells (Figure 55) and HT29 cells (Figure 56) demonstrated that there are great 
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variations in surface binding activies among the 40 mAb, with the data from one cell line 
confirmed the data from the other cell line. 

Six hybridoma clones (Table 1) with the highest cell surface binding activities were 
selected for production and purification of mAb for further in vitro and in vivo 
characterization. One hybridoma (Table 1) with no cell surface binding activity was also 
selected for production and purification of mAb as the control mAb in future functional 
studies. 

The effect of 1025 inhibition on tumorigenesis and tumor growth was detennined by 
treating the human breast tumor cell line MDA-MB-435 with either agent and inoculating 
treated cells into nude mice. The tumors formed from treated cells showed substantial 
inhibition in growth rate compared with cells treated by negative controls (Figure 57) and 
confirmed the 1025 inhibition effect on cells in culture also applies to tumorigenesis and 
tumor growth. 

Other embodiments and uses of the invention will be apparent to those skilled in the 
art from consideration of the specification arid practice of the invention disclosed herein. All 
references and materials cited herein, including all U.S. and foreign patents and patent 
applications, are specifically and entirely hereby incorporated herein by reference. It is 
intended that the specification and examples be considered exemplary only, with the true 
scope and spirit of the invention indicated by the following claims 
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Table 1 

Search query: TGGCCAATAA (SEQ ID NO:36) 
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Table m. 

Transmembrane analysis based on SOSUI search ; 

Query title : ICT-1 24 

Total length : 855 A. A. 

Average of hydrophobicity : -0.269240 



2. This amino acid sequence is of a MEMBRANE PROTEIN 
which have 6 transmembrane helices. 



No. 


N 

terminal 


transmembrane region 


C 

terminal 


type 


length 


1 


409 


WLTFVHSLVTILAVCrYGIAPVG 


431 


PRIMARY 


23 


! 2 


656 j 


L WLSLFLHAGILHCLVSICF QMT 


678 


PRIMARY 


23 


3 


698 


LSGVTGNLASAIFLPYRAEVGPA 


720 


SECONDARY 


23 


4 


745 


WRAFFKLLAWLFLFTFGLLPWI 


767 


PRIMARY 


23 


LU 


773 


ISGFISGLFLSFAFLPYISFGK 


794 


SECONDARY 


22 


6 ! 


803 


QmFQWFLGLLAGLWLFYVY 


825 


PRIMARY 


23 
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Table 4. Hybidoma clones selected for production and purification of mAb based 
cell surface binding activities 



Name of hybridoma 


ICT1025 protein 
binding activity 


binding activity in 

MDA-MB-435 

cells 


v-en surtace 
binding activity in 
HT29 cells 


ICT1025-4G4 


Yes 


Very high (1.5) 


Very high (1.3) 


ICT1 025-1 A7 


Yes 


High (1.1) J 


High (0.8) 


ICT1025-3C9 


Yes 


High (1.1) 


Medium (0.6) 


ICT1025-1D9 


Yes 


High (0.9) 


Medium (0.5) 


ICT1025-5F9 


Yes 


High (1.0) 


High (1.0) 


ICT1025-5E8 


Yes 


High (0.9) 


Medium (0.6) 


ICT1025-4H3 


Yes 


No(<0.1) 


No(<0.1) 
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